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INTRODUCTION 
In 1917, Vinal reported the presence of the European com borer, 
Ostrinia nubilalis (Hlibner), in the United States near Boston, Massachu­
setts. Researchers began immediately to study this borer, its habits, the 
nature and extent of damage it causes to some of our cultivated crops, and 
to determine methods of controlling its densities at levels below the 
threshold of economic importance. 
In host-plant resistance investigations artificial infestations are 
necessary to obtain a uniform and satisfactory level of larval establish­
ment. Until recently, egg masses for infestations of the first and second 
generation of the borer were obtained by placing infested com stalks in 
large outdoor cages and collecting the emerged adults, which were then caged 
for egg production (Guthrie e£ al. 1965). Moth emergence usually extends 
over a 4- to 5- week period beginning in late May and lasting through June 
in Iowa. Several workers have observed that borers originating from moths 
that emerged during the middle of this period became established better on 
corn than did those emerging at the beginning or end of the period. 
Inbred lines are infested during the mid-whorl stage of plant develop­
ment in first brood resistance investigations (Guthrie e^ 1960). Late 
planted com is infested with egg masses from moths emerging during the last 
week of the emergence period and F. F. Dicke and W. D. Guthrie^ have ob­
served a low level of larval establishment on inbred lines infested during 
this period. 
^F. F. Dicke and W. D. Guthrie. Larval establishment. Private commu­
nication, Ames, Iowa, 1968. 
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Since 1960, the European corn borer has been reared continuously 
throughout the year on a meridic diet to provide a reliable source of pa­
rental moths for researchers' needs. Egg masses originating from moths 
reared on a meridic diet are used for field infestations in first and second 
brood studies. However, the efficacy of laboratory-reared borers in rela­
tion to their wild counterparts has not been investigated. 
The age of the female moth when oviposition occurs has also been 
thought to contribute to the variability in larval establishment in field 
tests. As the female moth ages, the eggs produced near the end of her re­
productive life have not yielded a satisfactory infestation in field tests. 
The problem therefore of larval establishment, survival, and efficacy 
in field and laboratory tests is concerned in part by the date on which the 
parental moth emerges in the spring; the parental source of egg masses, 
i.e. wild vs laboratory-reared; and the age of the female parent when the 
eggs are laid. 
The purpose of this study therefore has been to: 
1. Determine the rate of larval establishment and damage incurred by 
corn plants from borers originating from moths that emerged at different 
times in the spring within the normal emergence period. 
2. Compare the rate of establishment and resulting plant damage 
caused by the progeny of laboratory-reared moths with the progeny of moths 
that developed in the field. 
3. Compare the rate of establishment and damage incurred by com 
plants from borers originating from eggs laid at different times within the 
oviposition period of each source of moths. 
This study was conducted over three growing seasons, 1965, 1966 and 
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1967 in the field and laboratory facilities of the European Corn Borer 
Research Laboratory, Ankeny, Iowa. 
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REVIEW OF LITERATURE 
In 1917, Vinal reported the European com borer as an established pest 
in the eastern part of the United States. Since then, a considerable amount 
of literature concerning the biology, ecology, methods of control and use of 
the borer as a test organism has been published. The important developments 
in European corn borer investigations were reviewed by Brindley and Dicke in 
1963. 
To facilitate both laboratory and field studies, investigators have 
developed mass culture and collection techniques which have provided uniform 
colonies of borers. The method of caging borer-infested stalks and subse­
quent capture of emerging moths for egg production was described by Patch 
and Peirce (1933) and by Guthrie ^  al. (1965). 
Colonies of the borer are maintained to provide known populations for 
field tests in host plant resistance studies, insecticide screening and 
biological investigations. Techniques for producing borers on meridic 
diets have been reported by Beck et al. (1949), Beck (1953), Bottger (1942), 
Becton et al. (1962), Surany (1957), Wressel (1955), and Guthrie et al. 
(1965). 
When an insect species is removed from the wild interbreeding popula­
tion and colonized under laboratory conditions, it is reasonable to assume 
that, if continuously isolated, the constitution of the new colony will 
drift genetically from the wild population. If the techniques of rearing 
are adequate for continuous production, adaptations to laboratory conditions 
may be expected. Several Investigators, working primarily in regard to the 
current interest in sterility techniques for the control of insects, have 
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shown that these adaptations occur. 
Spates and Hightower (1967) have shown that among continuously reared 
colonies of the screw-worm, (Cochliomyia hominivorax (Coq.)), the sexual 
aggressiveness of male flies increased as the number of generations under 
colonization increased; screw-worm males of and generations did not 
harass females as vigorously as males from and F^gg. 
Alley and Hightower (1966) reported that differences in mating fre­
quency of the male screw-worm were observed between a newly colonized 
(Mexican) and a laboratory-adapted (Florida) strain of flies. The differ­
ences in mating frequency attributable to strain disappeared by the time the 
Mexican flies reached F^^. 
Selection for increased sexual aggressiveness in male screw-worm flies, 
as measured by the effect on female mortality, was reported by Baumhover 
(1965). 
In each of these studies, the authors state that adaptation to labora­
tory rearing probably contributes more to their results than to differences 
in original field strains. 
The mating behavior of Anopheles quadrimaculatus Say was investigated 
by Gahan (1966). He observed that mosquitoes colonized for many years 
would copulate when a light intensity equal to that at dusk was programmed 
and that precopulatory swarming was eliminated, while mosquitoes of an F^ 
colony under the same conditions were only interested in escape or rest and 
showed ho inclination to mate. 
Dame and Schmidt (1964) showed that colonized males of A. quadrima­
culatus were incapable of competing sufficiently with wild males to bring 
about a required degree of sterility when used in a male sterilization 
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program. 
Stabler (1959) reported that in a colony of A. quadrimaculatus that 
had been maintained in the laboratory for 7 years, the percentage of fe­
males inseminated was significantly higher during the period 1953-56 than 
in 1949-52. During the first 3 years a significant period of abeyance in 
sexual activity occurred during some midwinter months. In later years such 
"diapause" disappeared. It was assumed that the characteristic had been 
inherent in the epigamic behavior of the strain but was eliminated by selec­
tion within the colony. He also stated that a concomitant increase in male 
survival within the experimental groups probably was a major factor in the 
increase of insemination and disappearance of sexual "diapause". No such 
changes were noted in the proportions of female survival. 
Evens and Niemegeers (1954) reported that in colonization of tsetse 
flies (Glossina spp.) the "vitality" of laboratory-bred flies was generally 
less than in wild flies. 
In Hawaii, Mitchell e^ al. (1965) found that the Oriental fruit fly, 
Dacus dorsalis Hendel, became fully adapted to an efficient dry diet after 
10 generations of laboratory culture. 
Steiner and Mitchell (1966) reported that with mass culture of the 
Tephritid fruit flies in the laboratory there was no evidence of adverse 
affect from continuous propagation. However, they cautioned against using 
the first or last eggs produced for stock replenishment, as those from the 
first period might select for early sexual maturity or early adaptability 
to the diet while the last may select for longevity, delayed sexual matu­
rity, resistance to disease, or poor adaptation to the diet. They further 
stress the need for periodic evaluation of laboratory strains for possible 
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losses in field adaptability. 
Fye and LaBrecque (1966) compared the insemination rate of 3 labora­
tory strains of house flies, Musca domestica L., by mating males of the 
strains to females of one strain. One strain had been laboratory reared 
for over 20 years, and the other strains for 5 and 13 generations. Also 
they compared the mating success of male house flies from 2 laboratory 
strains, normal and treated with a chemosterilant, in competition for fe­
males with males from a wild strain. They found that females of all strains 
mated more rea:'H> with the males of their own strain, whether or not the 
males were sterilized. Chemosterilized males competed more successfully 
than normal males of the same strain when they were mated with females of 
that strain. 
Working with field populations of the European corn borer, Stirrett 
(1938), found that the egg masses laid in the last half of the overall ovi-
position period were markedly smaller than those laid during the first half 
of the period. His data also showed that in 5 out of 9 years under study, 
more eggs per female were laid during the second half of the season than in 
the first; while in one year they were equal. The difference in egg via­
bility by period was not discussed but overall mortality of egg masses not 
dislodged from the plants averaged only 5.8% for the 9 years of his study. 
Dulizibaric (1966) found that maximum fertility of wild European corn 
borer females was obtained toward the middle of the moth emergence period 
and that fertility decreases in both directions from the middle, i.e., 
being least at the beginning and end of emergence. 
From observations in the field over many years, Pesho et al. (1964) 
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and W. D. Guthrie and F. F. Dicke are of the opinion that borers from eggs 
laid at the end of both moth emergence and oviposition periods do not become 
established in field tests as well as earlier laid eggs. 
Pesho e^ (1964) compared larval establishment and damage incurred 
to a susceptible dent corn hybrid from artificial infestations by borers 
reared for 1 generation on a meridic diet with second brood wild populations 
from Ohio and Iowa, which were confined in cages for egg production; a natu­
ral field infestation from an Iowa moth population was also used in this 
study. In their first test, Pesho e^ (1964) showed a highly significant 
difference in number of surviving larvae and in number of cavities among the 
different sources of egg masses under test. No difference was shown by 
either measurement criterion among the three manually applied infestations. 
That is, each of the manual treatments differed from the natural infesta­
tion. In subsequent tests, differences in number of larvae and cavities 
were shown between the wild culture and the laboratory colony but the 
authors indicated that the differences were the result of the egg sources 
not being synchronized properly with respect to moth age. Eggs from the 
wild culture were from the middle of the oviposition period while those 
from the laboratory colony were from near the end. Thus borers from the 
mid-period eggs were felt to have had an advantage. Measurement and 
analysis of egg viability of the groups supported this contention. 
In the laboratory, Raun (1966) reported that a 14-generation colony of 
European corn borer showed little change in pupation rate, pupal weight, or 
2 W. D. Guthrie and F. F. Dicke. Larval establishment. Private commu­
nication, Ames, Iowa, 1968. 
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in percent of "normal" moths as determined by wing deformation; but the 
pupae tended to get heavier and the pupation rate slower as the number of 
generations increased. 
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METHOD OF PROCEDURE 
Source of Parent Moths 
The first objective of the study was to compare the progeny of moths 
originating from larvae reared on a meridic diet with their wild counter­
parts in their ability to become established on com plants in the field. 
First brood egg production methods for artificial field infestations have 
been described by Patch and Peirce (1933) and more recently by Guthrie e^ al. 
(1965). The essential features of their techniques were employed in this 
study for collection of first generation wild corn borer moths. 
Wild borer source of egg production 
Borer-infested com stalks were gathered each fall, shocked, and placed 
the following spring in large screened cages for moth emergence. The 
emerged moths were collected in these cages daily at dawn. Collections of 
100 female and 50 male moths were caged in small (24"xl2"xl2") oviposition 
cages which were housed in a large walk-in type incubator. Fewer males 
than females were collected because it was previously determined by pre­
sence of spermataphore within the bursa copulatrix approximately 50% of the 
3 female moths had mated by the time of collection. Temperature and relative 
humidity were controlled in the incubators at 80°F and 80-90%, respectively. 
Females deposited egg masses on waxed paper sheets which were replaced 
daily. The egg masses were punched intact from the sheets on 1/2" disks of 
the waxed paper, and the disks impaled singly on straight pins and pinned 
3 G. Pesho. Caged moth mating frequency. Private communication, Ames, 
Iowa, 1965. 
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to a composition board for storage, incubation, and subsequent delivery to 
the field. 
Colonized borer source of egg production 
The method of mass rearing European com borer on meridic diets, as 
described by Guthrie e^ (1965), was used with some modifications. One 
modification facilitated collection of pupae from the plastic rearing 
dishes; 1 x 40" corrugated cardboard strips were attached to the inner wall 
of each dish 12 days after the dishes were "seeded" with borer egg masses. 
Full-grown larvae migrated to these strips and pupated within the cells of 
the strips. At 21 days, the strips were removed from the dishes and hung 
in an indoor, screened, walk-in cage for moth emergence. Collection of 
moths was made daily. Groups of 100 male and female moths were isolated in 
oviposition cages which were housed in a large walk-in incubator similar to 
that used for the wild moths. Equal numbers of laboratory-reared males and 
females were caged together because the moths were essentially virgin at the 
time of collection. To enhance mating of the laboratory-reared moths, tem­
perature in the egg production incubator was cycled with an 18-hour period 
at 80°F and 80-90% R. H. alternated with 6 hours at 65°F and 80-90% R. H. 
(Sparks 1963). This cycling was unnecessary in the wild borer incubator 
since many of the female moths had already been mated. Both oviposition 
incubators were kept dark except for 3-4 hours each morning when the eggs 
were collected and the moths given water by spraying the cages, and for a 
few minutes again in the late afternoon when the moths were again given 
water. 
Another modification of the laboratory rearing technique was made in 
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1967. Approximately 400-600 larvae were used instead of 200 eggs to "seed" 
each rearing container because the low number of moths recovered per dish in 
1965 and 1966 was primarily due to the low number of eggs used and varia­
bility in egg hatch. 
Borer Types Compared in the Tests 
In 1965, moths originating from larvae reared for 2 generations (Fg) 
on a meridic diet and wild moths were used for egg production. The micro-
sporidian, Perezia pyraustae Paillot, was eliminated or at least partially 
controlled in the f^-generation colony by using an egg heat treatment tech­
nique described by Raun (1961). 
In 1966, moths originating from larvae reared for 34 generations (F^^) 
on a meridic diet and wild moths were used for egg production. 
In 1967, a new colony was developed from wild moths and reared for 2 
generations on a meridic diet. The F^^ colony, used in 1966 had advanced 
to the 45th generation (F^^). 
Moth Emergence Dates 
The second objective of this study proposed to compare the rate of 
establishment and resulting damage caused by the wild first-generation 
borers that originated from moths available at different times in the 
spring. Normally corn borer moths emerge in the spring over a 4- to 5-
week period. The first generation was sampled on four dates which covered 
the entire range of field emergence. The first (I) or early date was 
selected from the daily collections made within the first week of emergence; 
the second date (II) was selected approximately 1 week later just prior to 
what was estimated to be the peak of emergence; the third date (III) was 
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selected shortly after the peak of emergence occurred; and the fourth date 
(IV) was selected near the end of the moth emergence period. 
When the emergence date of the wild population was selected, the cor­
responding laboratory-reared moths were assigned to this study. As the pro­
duction of borers reared on artificial diet was a continuous process, there 
was no actual beginning or end to the emergence period, and it was postula­
ted that there should be no difference in early and late emerging borers if 
standard production methods were followed throughout the test. At periods 
when moth production was rather low in the laboratory colonies, 2-days of 
moth collection were used concurrently for a specific emergence date. In 
this event the eggs produced by the two different groups of females were 
handled separately so that proper timing within the oviposition period could 
be followed. The actual moth emergence dates and numbers of female moths 
caged for egg production are listed in Table 1. 
Oviposition Periods 
Various workers have observed that the results of artificial infesta­
tion are sometimes influenced by the efficacy of the borers that originate 
from eggs laid at different times within the normal oviposition period of a 
female moth. Under the conditions used for mass production of egg masses 
at the com borer laboratory, a group of moths is expected to lay eggs for 
about 10 days. Eggs from the latter end of this period have been observed 
to be less effective in producing a high level of larval establishment.^ 
Thus, for the third objective of this study, measurements were made on the 
W. D. Guthrie. Larval establishment. Private communication, Ames, 
Iowa, 1968. 
Table 1. Moth emergence dates and number of females caged for egg production^ 
Emergence dates 
I II III IV 
Number Number Number Number 
Borer Collection of Collection of Collection of Collection of 
Year type date females date females date females date females 
1965 wild 6/10 1,356 6/15 4,550 6/19 6,090 6/25 
& 26 
2,560 
^2 6/13 
& 14 
1,700 6/18 
& 19 
1,500 6/25 
& 26 
2,000 7/4 3,900 
1966 wild 6/15 1,045 6/20 3,990 6/25 7,840 6/30 2,272 
F34 6/15 525 6/20 226 6/27 
& 28 
1,415 6/29 
& 30 
1,510 
1967 wild 6/13 1,071 6/18 6,565 6/23 11,280 7/1 1,246 
^2 6/13 735 6/18 960 6/23 680 7/1 500 
F45 6/13 652 6/18 442 6/23 
& 24 
630 7/1 
& 2 
400 
^An equal number of males were caged with the colonized moths and one-half the number with 
wild moths. 
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level of infestations that resulted from eggs that were laid on different 
days in the oviposition period of each group of moths. 
In 1965 the oviposition period was divided into four 3-day sub-periods; 
the first day after moth emergence was considered a preoviposition period. 
The four sub-periods established were: (1) days 2-3-4, (2) days 5-6-7, (3) 
days 8-9-10, and (4) days 11-12-13; however, the economic period of egg 
production was limited to the first three sub-periods. The moths laid very 
few eggs during the fourth sub-period and its use was abandoned. 
Eggs used in the field and laboratory tests were taken from the first 
and last day of each sub-period. The plants were infested twice on subse­
quent days; the first with masses from the first day of the sub-period, and 
the second with eggs from the last day of the sub-period. 
This sequence was abandoned in 1966 and 1967 in favor of 2-day sub-
periods again discounting the first day of the oviposition period i.e., the 
day the moths were collected. Thus five 2-day sub-periods were established; 
however, the fifth 2-day period of production was too low in general to con­
duct the tests and it was abandoned leaving the economic period of egg pro­
duction at four 2-day sub-periods. 
Schematically the borer types, moth emergence dates, and oviposition 
periods used in the individual years are shown in Figure 1. 
Egg Incubation and Field Infestation 
From each day's egg production that had been punched from the waxed 
sheets and pinned, approximately 600 egg masses per moth group were incu­
bated at 80°F and 80% R. H. Under these conditions, the eggs reached the 
"blackhead" stage of development, which is within a few hours of eclosion. 
16 
Wild borer 
Moth emergence dates 
II III IV 
1965 
Fg borer 
Moth emergence dates 
II III 
3-day oviposition periods 
1 2 3  1 2 3  1 2 3  1 2 3  
3-day oviposition periods 
1 2 3  1 2 3  1 2 3  
IV 
12 3 
1966 
Wild borer borer 
Moth emergence dates Moth emergence dates 
II III IV I II III IV 
2-day oviposition periods 2-day oviposition periods 
1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4  
1967 
Wild borer 
Moth emergence date 
I II III IV 
2-dày 
oviposition period 
1234 1234 1234 1234 
Fg borer 
Moth emergence date 
I II III IV 
2-day 
oviposition period 
1234 1234 1234 1234 
F^^ borer 
Moth emergence date 
I II III IV 
2-day 
oviposition period 
1234 1234 1234 1234 
Figure 1. Outline of borer types, moth emergence dates, and oviposition 
periods used in the study 
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in 4 days. At this time the eggs of the first day of one oviposition peri­
od, one emergence date and moth colony were taken to the field and 2 masses 
were placed in the whorl of each of 24 plants per plot designated for that 
test unit. A second application of masses was made the following day, the 
source of which was the second or last day of the same oviposition period. 
Occasionally, the corn plants that were to be used for testing a 
particular moth emergence date were not of desired height. In this event 
the eggs scheduled for use were incubated at 60°F and 80% R. H. which pro­
longed their development to 11 days. Egg masses from each moth colony, 
equivalent moth emergence period, and oviposition sub-period, were incuba­
ted and moved to the field as a unit. 
Field tests 
To allow full expression of damage, the field tests were conducted on 
a highly susceptible dent corn inbred, WF9. Split plots in a randomized 
complete block design with 4 replications wrre used each season. Two-row 
plots with 5 hills per row and 3 plants per hill comprised the smallest test 
unit. Two-row guards were placed around the whole plot. Guard rows between 
plots of moth colony, moth emergence period, and oviposition period were not 
used on these experiments. Information of larval migration obtained in 1967 
suggests however, that guard rows should be used in future tests of this 
nature. 
The pattern of larval survival was determined by dissecting at inter­
vals of 7 or 8 days and 21 or 30 days after egg hatch. Twelve infested 
plants from each plot were dissected on each date. Leaf-feeding ratings 
and lesion counts, as described by Guthrie e^ (1960), were made 21 or 
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30 days after egg hatch. 
The experimental units for each year in the test were: 
1965 whole plot - date of moth emergence 
sub-plot - oviposition period 
sub-sub-plot - moth colony 
1966 whole plot - date of moth emergence 
sub-plot - moth colony 
sub-sub-plot - oviposition period 
1967 whole plot - date of moth emergence 
sub-plot - oviposition period 
sub-sub-plot - moth colony 
The whole plots were planted at approximately weekly intervals to corre­
spond to the moth emergence dates. The actual dates of planting were: 
Date 1965 1966 1967 
I May 3 May 2 May 3 
II May 12 May 10 May 11 
III May 21 May 25 May 23 
IV May 28 June 3 June 2 
V June 17 
A fifth planting was made in 1966 because of the rapid growth of the 
previous plantings. Date V was redesignated Date IV and used in the test. 
Laboratory tests 
Comparisons of the developmental rates of each borer group and their 
sub-divisions were made in the laboratory in a controlled environment. When 
eggs were ready for field infestation, 10 to 20 egg masses of each type 
(borer colony, emergence date, and day within an oviposition period) were 
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placed in jars for hatching. Samples of the larvae were isolated in shell 
vials containing a meridic diet and these were incubated at 80°F and 80% 
R. H. until pupation occurred. Each oviposition period was represented by 
170 individuals. After 12 days of incubation the vials were inspected 
daily and the number of pupae recorded. 
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RESULTS 
1965 Season 
Comparison of borer types and moth emergence dates 
Mean values obtained in the four parameters; larval survival 8 and 30 
days after egg hatch, leaf-feeding ratings, and lesion counts for the wild 
and Fg borer types and moth emergence dates are summarized in Table 2. A 
summary of the statistical analyses for all criteria are presented in Table 
3. The complete data for 1965 are presented in Appendix Tables 33-36. 
A relatively low level of larval establishment was obtained by manual 
infestation in 1965. Larval survival for the wild and borer types did 
not differ statistically at 8 or 30 days after egg hatch (Tables 2 and 3). 
Moth emergence dates, as measured by the mean number of larvae, differed 
significantly at the 1% level and a highly significant borer type x moth 
emergence date interaction was shown (Table 3). In general the mean number 
of larvae present at 8 and 30 days (Table 2) show an erratic upward trend 
for both borer types, but the magnitude of change from the first to fourth 
moth emergence date would be of little value in manual infestation studies. 
Averaged over the 4 moth emergence dates, larval survival 8 days after egg 
hatch was only 5.7 and 5.1 per plant for the wild and F^ colony, respective­
ly. On the 30-day dissection date 2.2 borers per plant were recovered in 
each borer type. 
Conflicting results were obtained for the damage parameters. When com­
pared by the averages of leaf-feeding ratings per plant, the borers from the 
various moth emergence dates differed significantly at the 1% level of con­
fidence with no significant difference in borer types or in the interaction 
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Table 2. Larval survival and damage per plant on WF9. Ankeny, Iowa, 1965^ 
Moth emergence dates 
Borer type I II III IV Average 
Average number of larvae at 
dissection 
8-day 
Wild 3.5 6.2 6.5 6.4 5.7 
colony 2.7 4.5 3.3 10.1 5.1 
Average number of larvae at 
dissection 
30-day 
Wild 2.1 2.3 1.9 2.7 2.2 
F2 colony 2.1 1.6 1.7 3.5 2.2 
Average of leaf-feeding ratings at 
30-day dissection 
Wild 5.5 7.4 6.3 8,1 6.8 
Fg colony 5.4 6.5 7.0 7.6 6.6 
Average number of lesions at 
dissection 
: 30-day 
Wild 6.1 7.4 5.6 5.2 6.1 
Fg colony 4.5 
• T - -, 
4.7 3.2 4.6 4.2 
^Each borer type x moth emergence date average is based on 144 plant 
observations (4 replications x 12 plants x 3 oviposition periods) . 
of moth emergence date x borer type. Borer types were significantly differ­
ent at the 1% level in mean number of lesions per plant while no significant 
difference was shown for lesions among moth emergence dates. The borer type 
X moth emergence date interaction was not statistically significant by ei­
ther of the damage criteria (Table 3). 
Table 3. Analyses of variance based on data summarized in Table 2. Ankeny, Iowa, 1965 
Source of variation 
8-dav dissection 
Larvae 
30-day dissection 
df Ms Sign,' 
Larvae Leaf-feeding rating Lesions 
Ms Sign. Ms Sign. Ms Sign 
Whole plot 
Replication 
Emergence date 
Error (a) 
3 
3 
9 
0.18 
37.42 
0.98 
n.s. 
A* 
0.25 
2 .88  
0.41 
n.s. 0.61 n.s, 
8.11 ** 
0.57 
1.16 n.s 
4.05 n.s 
1.66 
Sub-plot 
Borer type 
Date X type 
Error (b) 
Total 
1 
3 
12 
31 
2.30 
17.76 
0.92 
n.s. 
** 
0.01 
0.77 
0 .08  
n.s. 
** 
0.40 n.s. 
0.90 n.s. 
0.53 
26.81 ** 
1.78 n.s 
0.69 
^n.s. = not significant, ** = significant at 1% level of probability. 
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Averaged over the 4 moth emergence dates, the mean of leaf-feeding 
ratings 30 days after egg hatch were 6.8 and 6.6 for the wild and the Fg 
colony, respectively. In resistance investigations these ratings would 
classify the susceptible host plant WF9, susceptible to corn borer feeding. 
By the leaf-feeding parameter the lowest average value for both borer types 
was obtained with the first moth emergence date (I). The colony borers 
produced consistently higher leaf-feeding ratings in successive moth emer­
gence dates with the highest average of 7.6 obtained in date IV. The means 
of leaf-feeding ratings for the wild borer type varied erratically among 
the moth emergence dates but the highest rating mean of 8.1 was obtained in 
date IV. WF9 plants rated 5.5 and 5.4 when infested with eggs from the wild 
and F^ borers of the first moth emergence date respectively. These ratings 
in date I would be considered intermediate in leaf-feeding damage. In the 
second, third, and fourth moth emergence dates the average leaf-feeding 
ratings were in the susceptible to high intermediate category. 
The means of the feeding lesions per plant by the two borer types were 
quite low for a borer susceptible inbred line of corn. Averaged over all 
moth emergence dates, i.e., for the entire season, lesion counts for wild 
and F^ borers were 6.1 and 4.2, respectively. Although the difference was 
statistically significant, its magnitude was not meaningful for resistance 
studies. 
Comparison of oviposition periods and moth emergence dates within borer 
types 
Average values obtained for the 4 parameters for oviposition period x 
moth emergence date for the 2 moth types are given in Tables 4 and 5. A 
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Table 4. Larval survival and damage per plant from wild borers on WF9. 
Ankeny, Iowa, 1965^ 
Moth Three-day oviposition periods 
emergence 
date 1st 2nd 3rd Average 
Average number of larvae at 8-day 
dissection 
I 4.3 3.8 3.3 3.8 
II 4.2 11.7 6.3 7.4 
III 10.9 8.7 4.7 8.1 
IV 16.3 5.1 6.6 9.4 
Average 9.0 7.3 5.2 
Average number of larvae at 
dissection 
30-day 
I 1.9 2.4 2.0 2.1 
II 2.0 3.1 2.5 2.6 
III 2.8 2.6 2.4 2.6 
IV 3.5 2.9 3.0 3.1 
Average 2.5 2.8 2.5 
Average of leaf-feeding ratings at 
30-day dissection 
I 6.1 4.6 5.9 5.5 
II 7.7 8.5 8.1 8.1 
III 8.3 8.8 5.2 7.4 
IV 8.4 7.8 8.4 8.2 
Average 7.6 7.4 6.9 
Average number of lesions at 
dissection 
30-day 
I 4.8 6.4 7.2 6.1 
II 7.7 11.2 6.5 8.4 
III 10.0 9.0 2.4 7.2 
IV 5.1 5.4 6.1 5.5 
Average 6.9 8.0 5.6 
^Average of 4 replications with 9-12 plants each. These emergence 
date means may differ from those presented in Table 2 because partial data 
from an additional oviposition period were available in some instances and 
included in the latter to show the overall effect. Since this last period 
was abandoned it is excluded from this listing and analysis. 
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Table 5. Larval survival and 
WF9. Ankeny, Iowa, 
damage per plant from 
1965* 
colonized borers on 
Moth 
emergence 
date 
Three-day oviposition periods 
1st 2nd 3rd Average 
Average number of larvae at 
dissection 
8-day 
I 2.3 3.2 3.5 3.0 
II 4.7 6.7 2.0 4.5 
III 3.0 2.2 4.5 3.3 
IV 7.6 8.5 5.4 7.2 
Average 4.4 5.2 3.9 
Average number of larvae at 
dissection 
30-day 
I 2.3 2.8 1.9 2.3 
II 1.7 1.8 1.2 1.6 
III 1.1 2.0 1.9 1.7 
IV 2.3 4.1 2.8 3.1 
Average 1.9 2.6 1.9 
Average of leaf-feeding ratings at 
30-day dissection 
I 4.9 5.9 5.9 5.6 
II 6.5 6.9 6.1 6.5 
III 5.8 7.8 7.4 7.0 
IV 8.2 8.3 6.0 7.5 
Average 6.4 7.2 6.4 
Average number of lesions at 
dissection 
30-day 
I 4.2 4.0 5.6 4.6 
II 4.8 5.0 4.2 4.7 
III 2.4 3.6 3.7 3.2 
IV 4.0 5.6 3.0 4.2 
Average 3.9 4.5 4.1 
^Average of 4 replications with 9-12 plants each. These emergence 
date means may differ from those presented in Table 2 because partial data 
from an additional oviposition period were available in some instances and 
included in the latter to show the overall effect. Since this last period 
was abandoned it is excluded from this listing and analysis. 
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summary of the statistical analyses of the data on which these means are 
based is presented in Table 6. The complete data are recorded in Appendix 
Tables 37-40. Since moth emergence dates and oviposition periods are spe­
cific attributes of the borer type, comparisons and analyses were made with­
in rather than between types. 
Wild borers Moth emergence date x oviposition period interaction 
for the wild borer was statistically significant at the 1% level of confi­
dence in the damage parameters and in number of larvae present at the 8-day 
dissection in 1965 (Tables 4 and 6). Larval survival at the 30-day dissec­
tion was not statistically different with respect to moth emergence or ovi­
position period. Measured by the leaf-feeding ratings, the borers differed 
significantly in moth emergence dates at the 1% level of confidence but did 
not differ statistically when measured by the numbers of lesions produced. 
Conversely, differences in leaf-feeding rating averages were not statisti­
cally significant for borers from different oviposition periods but the mean 
numbers of lesions produced were significantly different at the 5% level of 
confidence. The average number of larvae per plant 8 days after egg hatch 
differed significantly among moth emergence dates and oviposition periods. 
In general, larval survival increased at each successive moth emergence 
date. The magnitude of the difference in larval number means 8 days after 
egg hatch between the first and last moth emergence date was only 5.6 borers 
(Table 4). The difference in mean number of larvae 30 days after egg hatch 
for borer type was 1 borer. 
Average leaf-feeding ratings of 8.1, 7.4, and 8.2 for moth emergence 
dates II, III, and IV respectively, indicate a high degree of plant damage. 
The intermediate rating of 5.5 for Date I would be somewhat low for 
Table 6. Analyses of variance based on data summarized in Tables 4 and 5. Ankeny, Iowa, 1965 
8-day dissection 
Larvae 
30-day dissection 
Source of variation df Ms Sign.' 
Larvae Leaf-feeding rating Lesions 
Sign. Ms Sign. Ms Sign. Ms 
Whole plot 
Replication 3 3.81 
Emergence date 3 67.70 
Error (a) 9 4.61 
Sub-plot 
Oviposition period 2 55.58 
Emergence date x 
oviposition period 6 64.14 
Error (b) 24 2.77 
Total 47 
Whole plot 
Replication 3 1.02 
Emergence date 3 44.33 
Error (a) 9 2.66 
Sub-plot 
Oviposition period 2 6.66 
Emergence date x 
oviposition period 6 10.76 
Error (b) 24 1.96 
n.s. 
** 
** 
** 
n.s. 
** 
** 
Wild borers 
0.29 
2.18 
0.97 
0.33 
0.55 
0.74 
n.s. 
n.s. 
n.s. 
n.s. 
Fg borers 
1.01 
5.74 
0.73 
3.06 
0.84 
0.40 
n.s. 
** 
** 
n.s. 
0.24 
18.18 
1.00 
n.s. 
** 
2.42 n.s. 
5.79 ** 
1.23 
1.77 n.s. 
8.35 ** 
0 .82  
3.97 
3.11 
1.11 
7.58 
19.50 
8.91 
n.s. 
n.s. 
24.25 * 
24.74 ** 
5.16 
0.81 n.s. 
5.49 * 
1.16 
1.87 n.s. 
j.53 
1.12 
Total 47 
^n.s. = not significant, * = significant at 5% level of probability, ** = significant at 1% 
level of probability. 
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measuring plant damage of inbred lines with a high degree of susceptibility. 
Lesion mean values from borers in different moth emergence dates fluctuated 
erratically and the differences were quite low. 
colony borers In the damage parameters and in larval survival 
8 days after egg hatch a statistically significant moth emergence date x 
oviposition period interaction was shown (Tables 5 and 6). The averages of 
borer survival and plant damage produced by borers from the different moth 
emergence dates were significantly different. Oviposition period averages 
differed significantly at the 5% level in the damage parameters and at the 
1% level for larvae surviving 8 days after egg hatch (Table 6). 
Inspection of the averages of larval survival or lesions per plant by 
moth emergence date in Table 5 reveals no meaningful trends. The leaf-
feeding rating averages increase over successive moth emergence dates but 
the actual difference between dates I and IV was only 1.9. In emergence 
dates I and II the average leaf-feeding ratings of 5.6 and 6.5 classify the 
susceptible inbred WF9 as intermediate in resistance. 
The magnitude of differences between oviposition period averages in 
each parameter were quite low for borers and even though the differences 
were statistically significant in larval survival and in leaf-feeding rat­
ings they are too small to be of practical value. A trend was indicated, 
however, in F^ oviposition period means. The second or middle period gave 
consistently higher average values in each of the criteria. 
Correlation of larval survival and damage ratings 
Simple correlation coefficients were calculated for the average number 
of larvae recorded 8 days after egg hatch vs the corresponding leaf-feeding 
rating averages and for the average number of larvae present 30 days after 
egg hatch vs the corresponding average number of lesions recorded per plant. 
Guthrie e^ al. (1960) and Dicke (1954) have shown very high correlations 
using these criteria in previous studies in host plant resistance. 
In this study the correlation coefficients for wild and borers in 
1965 were not significant at r = 0.4330 and r = 0.4643 respectively for 
average number of larvae 30 days after egg hatch vs average number of le­
sions per plant. The correlation of average lesions produced by the 2 borer 
types was not significant at r = 0.4349. The correlation of wild larval 
survival 8 days after egg hatch and subsequent leaf-feeding rating was r = 
0.5669 and significant at the 5% level of probability, but for the F2 colony 
the correlation of r = 0.4800 was not significant. The average leaf-feeding 
ratings produced by the wild and colony borers were significantly corre­
lated at the 5% level of confidence with r = 0.5958. The regression of Fg 
leaf-feeding ratings on wild borer leaf-feeding ratings is illustrated in 
Figure 2. 
Rate of borer development in the field 
The borer forms recovered in the 30-day dissections were identified by 
their stage of growth. The percentages of the total recovery by instar are 
presented in Table 7. The differences in numbers of fifth instar larvae 
plus the pupae between the borer types of emergence date were not large; 
less than 4 percentage points in dates I, II, and-II-I and approximately 13 
percentage points in date IV. The most distinct difference observed was 
that a lower number of borers reached pupation at 30-days in the first and 
last emergence date of both borer types as compared with the two middle 
Table 7. Stage of corn borer development on WF9 30 days after egg hatch. Ankeny, Iowa, 1965 
Moth 
emergence 
date 
Three-day 
oviposition 
period 
Percentage of borer forms recovered at 30 days by instar 
Wild borers Fg borers 
3rd 4 th 5 th Pupae 3rd 4th 5 th Pupae 
I 1 8.0 26.4 50.6 14.9 8.9 24.8 54.4 11.9 
2 8.0 31.8 54.9 5.3 3.2 35.7 49.2 11.9 
3 3.3 19.8 53.8 23.1 6.7 18.9 53.3 21.1 
4 2.7 15.1 61.6 20.5 7.3 24.4 35.4 32.9 
Average 5.5 23.3 55.2 16.0 6.5 26.0 48.1 19.4 
II 1 0.0 16.7 59.4 24.0 0.0 17.1 62.2 20.7 
2 0.0 16.1 71.5 12.4 1.2 14.3 57.1 27.4 
3 4.1 9.1 45.5 41.3 0.0 21.8 36.4 41.8 
4 0.0 11.4 34.3 54.3 __a 
Average 1.0 13.3 52.7 33.0 0.4 17.7 51.9 30.0 
III 1 0.7 13.3 63.0 23.0 0.0 11.1 40.7 48.1 
2 0.0 13.6 48.8 37.6 0.0 3.5 51.8 44.7 
3 0.0 0.0 41.0 59.0 0.0 7.8 65.6 26.7 
4 0.0 10.5 47.4 42.1 — — __a 
Average 0.2 9.4 50.0 40.4 7.5 52.7 39.8 
IV 1 0.9 7.2 58.6 33.3 5.3 20.5 61.6 12.6 
2 0.7 10.8 68.3 20.1 1.6 21.9 66.7 9.9 
3 0.0 18.4 58.9 22.7 0.8 28.1 62.5 8.6 
4 — — __a __a 
Average 0.5 12.1 61.9 25.4 2.6 23.5 63.6 10.4 
^Not infested due to a lack of eggs. 
Figure 2. Regression of leaf-feeding ratings for colonized borers on leaf-feeding ratings for wild 
borers 
1965 r>0.5958 
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emergence periods; i.e., borers from emergence dates II and III reached 
fifth instar and pupation faster than borers from dates I and IV. Since the 
developmental rate appeared equal for the two borer types within the differ­
ent moth emergence dates it is assumed that climatic factors were responsi­
ble for the differences shown between the dates. 
1966 Season 
Comparison of borer types and moth emergence dates 
Mean values obtained in the four parameters; larval survival 7 and 21 
days after egg hatch, leaf-feeding ratings, and lesion counts for the wild 
and borer types and moth emergence dates are summarized in Table 8. A 
summary of the statistical analyses for all criteria are presented in Table 
9. The complete data for 1966 are recorded in Tables 37-40 in the Appendix. 
A higher level of larval establishment and survival resulted from the 
artificial infestation of wild borers in 1966 than in 1965. Borer survival 
is highly responsive to the vagaries of the environment, particularly weath­
er, and the year to year fluctuations may more appropriately be attributed 
to this cause rather than to inherent differences in the borer types. As 
the environment should act essentially the same on both borer types, a fa­
vorable atmosphere for the wild borer should be favorable to the colonized 
borer unless the latter has become adapted to an environment under labora­
tory culture conditions. 
Meaningful differences for all four criteria of larval survival 7 and 
21 days after egg hatch, leaf-feeding ratings and lesion counts were shown 
in 1966 between the wild and colony (Tables 8 and 9). Of particular 
interest was the difference in initial survival 7 days after egg hatch 
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Table 8. Larval survival and damage per plant on WF9. Ankeny, Iowa, 1966^ 
Moth emergence dates 
Borer type I II III IV Average 
Average number of larvae at 
dissection 
7-day 
Wild 11.2 7.6 10.5 5.8 8.8 
F34 2.2 2.2 3.0 0.8 2.0 
Average number of larvae at 
dissection 
21-day 
Wild 6.0 4.2 5.0 3.6 4.7 
F34 1.7 1.7 1.8 0.4 1.4 
Average of leaf-feeding ratings at 
21-day dissection 
Wild 7.5 7.4 8.7 7.4 7.8 
F34 3.3 4.3 5.0 2.3 3.7 
Average number of lesions at 
dissection 
; 21-day 
Wild 6.8 5.7 6.6 3.1 5.5 
F34 2.3 3.4 3.1 1.1 2.5 
^Each borer type x moth emergence date average is based on 144 plant 
observations (4 replications x 12 plants x 4 oviposition periods). 
averaged over the 4 moth emergence dates. Survival for the wild population 
was 8.8 larvae per plant compared with 2.0 larvae per plant for the 
colony. This difference is substantial and is reflected in a high leaf-
feeding rating of 7.8 with 5.5 lesions per plant for the wild borers and a 
low intermediate leaf-feeding rating of 3.7 with 2.5 lesions per plant for 
Table 9. Analyses of variance based on data summarized in Table 8. Ankeny, Iowa, 1966 
Source of variation 
7-day dissection 
Larvae 
21-day dissection 
df Ms Sign.' 
Larvae Leaf-feeding rating Lesions 
Ms Sign. Ms Sign. Ms Sign. 
Whole plot 
Replication 
Emergence date 
Error (a) 
3 
3 
9 
0.53 
21.57 
1.23 
n.s. 
** 
0.04 
4.89 
0.50 
n.s, 
** 
0.19 n.s. 
5.81 ** 
0 . 2 2  
0.08 n.s. 
12.81 ** 
0.24 
Sub-plot 
Borer type 
Date X type 
Error (b) 
Total 
1 
3 
12 
31 
326.54 
6.72 
1.18 
** 
** 
84.89 
1.10 
0.37 
** 
n.s. 
131.75 ** 
1.37 * 
0.24 
74.85 ** 
2.51 
0 .21  
^n.s. = not significant, ** = significant at 1% level, * = significant at 5% level. 
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the colony. The lesion counts obtained for both borer types are rather 
low for borer susceptible WF9. 
Comparison of oviposition periods and moth emergence dates within borer 
types 
The average values obtained for larval survival and for the damage 
parameters in each oviposition period and moth emergence date for the wild 
borers and the colony are presented in Tables 10 and 11. A summary of 
the statistical analyses of data on which these means are based is given in 
Table 12. 
Wild borers In 1966 significant differences were found in the level 
of larval establishment and resulting damage as measured in terms of moth 
emergence dates of the wild borer (Table 10). Averaged over the 4 oviposi­
tion periods, the mean values between moth emergence dites fluctuated errat­
ically in larval survival 7 and 21 days after egg hatch, but were nearly 
constant in the averages of leaf-feeding ratings. The progeny from emer­
gence dates I, II, and III produced an average of 3 more lesions per plant 
than those from moth emergence date IV (Table 10). Averaged over the four 
moth emergence dates, larval survival for the first oviposition period was 
significantly greater 7 days after egg hatch than larval survival for the 
second, third, and fourth oviposition periods. There were no significant 
differences between oviposition periods for larval survival 21 days after 
egg hatch or for leaf-feeding ratings and lesion counts (Table 12). An ab­
errant number of larvae was recorded for the progeny from the first oviposi­
tion period of emergence date I 7 days after egg hatch (Table 10). A simi­
lar increase was noted in the borer type (Table 11) which indicates that 
more favorable environmental conditions prevailed for borer survival during 
this period of infestation. 
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Table 10. Larval survival and damage per plant from wild borers on WF9. 
Ankeny, Iowa, 1966& 
Moth 
emergence 
date 
Two-day oviposition periods 
1st 2nd 3rd 4 th Average 
Average number of larvae at 7-day 
dissection 
I 23.1 
II 7.8 
III 9.0 
IV 4.8 
Average 11.2 
6.7 
6.6 
12,2 
7.1 
8 . 2  
8.4 
8.7 
10.0 
5.9 
8 . 2  
7.7 
7.3 
11.0 
5.7 
7.9 
11.5 
7.6 
10.6 
5.9 
Average number of larvae at 21-day 
dissection 
I 5.9 
II 3.2 
III 4.5 
IV 2.7 
Average 4.1 
5.8 
3.8 
5.1 
4.4 
4.8 
6.4 
4.7 
5.2 
3.3 
4.9 
5.6 
4.9 
5.0 
3.9 
4.8 
5.9 
4.1 
5.0 
3.6 
Average of leaf-feeding ratings at 
21-day dissection 
I 8.0 
II 7.3 
III 8.6 
IV 6.2 
Average 7.5 
7.3 
7.5 
7.8 
8.3 
8 . 0  
7.3 
7.3 
8 . 8  
7.3 
7.6 
7.5 
7.7 
8 . 8  
7.8 
7.9 
7.5 
7.4 
8.5 
7.4 
I 
II 
III 
IV 
Average number of lesions at 21-day 
dissection 
9.0 
5.4 
6.4 
2.5 
5.5 
5.6 
6.6 
3.3 
6 . 0  
5.7 
5.9 
3.2 
6.4 
6.0 
7.6 
3.9 
6.7 
5.7 
6 . 6  
3.2 
Average 5.8 5.3 5.2 6 . 0  
^Each emergence date x oviposition period mean is based on 48 plant 
observations (4 replications x 12 plants). 
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Table 11. Larval survival and damage per plant from F , borers on WF9. 
Ankeny, Iowa, 1966^ 
Moth Two-day oviposition periods 
emergence 
date 1st 2nd 3rd 4th Average 
Average number of larvae at 7-day 
dissection 
I 4.5 1.0 1.7 2.1 2.3 
II 1.4 2.9 2.6 1.7 2.2 
III 1.4 3.4 5.0 2.1 3.0 
IV 0.1 1.1 0.8 0.9 0.7 
Average 1.8 2,1 2.6 1.7 
Average number of larvae at 21-day 
dissection 
I 2.0 1.0 1.8 2.3 1.8 
II 1.2 2.1 1.9 1.6 1.7 
III 1.2 2.8 2.0 1.2 1.8 
IV 0.2 0.6 0.4 0.5 0.4 
Average 1.1 1.6 1.5 1.4 
Average of leaf -feeding ratings at 
21-day dissection 
I 3.8 2.4 3.1 3.9 3.3 
II 3.5 4.5 4.5 4.6 4.3 
III 3.9 6.0 5.8 4.4 5,0 
IV 1.2 2.3 2.6 3.1 2.3 
Average 3.1 3.8 4.0 4.0 
Average number of lesions at 21-day 
dissection 
I 2.9 1.2 2,3 , 3.1 2.4 
II 3.0 4.5 3.2 2.8 3.4 
III 2.1 3.9 3.9 2.5 3.1 
IV 0.1 1.2 1,5 1.6 1.1 
Average 2.0 2.7 2,8 2.5 
^Each emergence date x oviposition period mean is based on 48 plant 
observations (4 replications x 12 plants). 
Table 12. Analyses of variance based on data summarized in Tables 10 and 11. Ankeny, Iowa, 1966 
Source of variation df 
7-day dissection 21-day dissection 
Larvae Larvae Leaf-feeding rating Lesions 
Ms Sign.^ Ms Sign. Ms Sign. Ms Sign. 
Wild borers 
Whole plot 
Replication 3 2.60 n.s. 1.05 n.s. 1.33 n.s. 0.35 n.s. 
Emergence date 3 108.09 16.91 * 43.52 ** 6.88 ** 
Error (a) 9 10.04 3.22 0.66 0.99 
Sub-plot 
Oviposition period 3 38.06 ** 2.46 n.s. 2.34 n.s. 0.77 n.s. 
Emergence date x 
oviposition period 9 72.89 ** 1.05 n.s. 3.58 n.s. 0.99 n.s. 
Error (b) 36 2.48 1.39 1.98 0.52 
Total 63 
F34 colony 
Whole plot 
Replication 3 0.75 n.s. 0.37 n.s. 0.37 n.s. 0.42 n.s. 
Emergence date 3 14.34 ** 7.34 ** 16.33 ** 22.72 ** 
Error (a) 9 0.71 0.40 0.96 0.90 
Sub-plot , 
Oviposition period 3 2.20 n.s. 0.70 n.s. 1.83 n.s. 3.06 * 
Emergence date x 
oviposition period 9 6.63 ** 1.30 ** 2.98 ** 2.39 * 
Error (b) 36 1.19 0.36 0.76 0.98 
Total 63 
^n.s. = not significant, ** = significant at 1% level, * = significant at 5% level. 
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borers Significant interactions of moth emergence dates and 
oviposition periods were found in all parameters for the colony (Tables 
11 and 12). The variability was due primarily to the moths collected on the 
various emergence dates since progeny obtained from the oviposition periods 
did not differ significantly in larval survival or in plant damage as evalu­
ated by leaf-feeding ratings. The mean number of lesions per plant produced 
by F^^ borers differed at the 5% level of confidence but the differences 
were not sufficient to be of biological importance. 
Correlation of larval survival and damage ratings 
The correlation coefficients for the average number of larvae per plant 
7 days after egg hatch vs the average of leaf-feeding ratings for the wild 
and F^^ borers were r = 0.5173 and r = 0.8116, respectively. These coeffi­
cients are significant at the 5% and 1% levels of probability, respectively. 
The mean leaf-feeding ratings obtained through the use of the 2 borer types 
were correlated at the 5% level of confidence with r = 0.5072. The regres­
sion of F^^ borer leaf-feeding ratings on wild borer ratings is illustrated 
in Figure 2. The correlations of the mean number of larvae present 21 days 
after egg hatch vs the mean number of lesions per plant were highly signifi­
cant at r = 0.6487 and r = 0.8820 for the wild and F^^ borers, respectively. 
The correlations of the average number of lesions caused by wild vs F^^ 
borers was highly significant with r = 0.6659. The regression of F^^ borer 
lesions on wild borer lesions is illustrated in Figure 3. 
Rate of borer development in the field 
The interval between the first and second dissection date was reduced 
in 1966 from 30 days to 21 days because most of the leaf-feeding and lesion 
Figure 3. Regression of lesions per plant produced by colonized borers on lesions per plant produced 
by wild borers 
1965 r>0.4349n.s.(F2) 
1966 r>0.6659* • (F34) 
>0.4263 
1967 r>0.7887'MF2) 
b, >0.5147 
f >0.7122" (F45) 
b,>0.6088 
r >0.1673 n.i (F2XF45) 
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type of feeding damage occurs within 21 days after egg hatch. The percent 
of the total borers by instar remaining 21 days after egg hatch is summa­
rized in Table 13. 
Since the interval between dissections was reduced the borers had less 
time for development so fewer pupae were recorded in 1966 than in 1965 and 
a correspondingly larger percentage of fourth and fifth instar larvae were 
present. The rate of larval development was essentially the/same for the 
wild and colony and the trends observed in 1965 were repeated in 1966. 
The percentage of third and fourth instar borers increased in the progeny 
from moths collected on successive emergence dates with a corresponding de­
crease in percentage of fifth instar larvae and pupae. The progeny from 
emergence dates II and III were approximately equal in percentages of each 
larval instar and pupae. Percentage pupation of the progeny from moths 
collected on successive emergence dates declined with the lowest percentage 
recorded from date IV. 
1967 Season 
Comparison of borer types and moth emergence dates 
In 1967 wild borers were compared with and F^^ generation colonies. 
A high level of larval establishment in the wild and F^ colony resulted from 
the artificial infestations. A summary of the parameter means for the borer 
types and their respective moth emergence dates is presented in Table 14 and 
a summary of the statistical analysis is given in Table 15. The complete 
data are recorded in Tables 41-46 in the Appendix. 
Significant interactions between borer types and moth emergence dates 
were found for all criteria (Table 15). There was little difference between 
Table 13. Stage of com borer development on WF9 21 days after egg hatch. Ankeny, Iowa, 1966 
Moth 
emergence 
date 
Two-day 
oviposition 
period 
Percentage of borer forms recovered at 21 days by instar 
Wild borers 
^34 borers 
3rd 4 th 5 th Pupae 3rd 4 th 5 th Pupae 
I 1 3.2 18.9 70.5 7.5 6.2 20.6 66.0 7.2 
2 1.0 15.8 72.3 10.9 0.0 17.4 73.9 8.7 
3 3.0 22.1 72.3 2.6 0.0 8.2 83.5 8.2 
4 1.9 10.8 82.2 5.0 0.0 12.3 76.4 11.3 
Average 2.3 16.9 74.3 6.5 1.6 14.6 75.0 8.8 
II 1 1.4 26.7 61.6 10.3 5.2 36.2 53.4 5.2 
2 1.6 28.6 63.2 6.6 4.9 38.8 53.4 2.9 
3 3.1 41.3 49.8 5.8 6.4 24.7 61.3 7.5 
4 2.5 25.4 60.6 11.4 6.7 24.0 64.0 5.3 
Average 2.2 30.5 58.8 8.5 5.8 30.9 58.0 5.2 
III 1 5.9 27.5 64.7 1.8 3.6 28.6 64.3 3.6 
2 4.1 26.1 68.2 1.6 5.9 35.6 55.6 3.0 
3 4.0 24.2 69.4 2.4 11.4 30.2 57.3 1.0 
4 6.7 28.4 64.0 0.8 6.9 22.4 67.2 3.4 
Average 5.2 26.6 66.6 1.6 7.0 29.2 61.1 2.8 
IV 1 16.9 36.2 46.9 0.0 12.5 50.0 25.0 12.5 
2 16.0 41.0 42.4 0.5 5.6 50.4 44.0 0.0 
3 11.5 40.0 47.4 1.0 0.0 52.9 47.1 0.0 
4 10.9 37.2 50.8 1.1 23.1 46.2 30.8 0.0 
Average 13.8 38.6 46.9 0.6 10.3 49.8 36.7 3.1 
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Table 14. Larval survival and damage per plant on WF9. Ankeny, Iowa, 
1967% 
Borer Moth emergence dates 
type I II III IV Average 
Average number of larvae at 
dissection 
7-day 
Wild 11.7 13.6 11.2 9.2 11.4 
^2 9.7 9.5 8.1 9.5 9.2 
^45 6.5 4.6 4.9 3.6 4.9 
Average number of larvae at 
dissection 
21-day 
Wild 10.3 9.3 6.3 5.4 7.8 
9.2 6.9 5.0 5.6 6.7 
F45 6.6 3.2 2.9 1.6 3.6 
Average of leaf-feeding ratings at 
21-day dissection 
Wild 8.4 8.5 8.3 7.3 8.1 
^2 8.3 8.1 7.8 7.8 8.0 
6.9 6.4 5.7 4.0 5.8 
Average number of lesions at 21-day 
dissection 
Wild 9.4 11.0 9.0 6.3 8.9 
^2 8.3 8.4 7.2 6.2 7.5 
F45 6.8 5.6 5.2 2.4 5.0 
^Each borer type x moth emergence date average is based on 144 plant 
observations (4 replications x 12 plants x 4 oviposition periods). 
Table 15. Analyses of variance based on data summarized in Table 14. Ankeny, Iowa, 1967 
7-dav dissection 21-day dissection 
Larvae Larvae Leaf-feeding rating Lesions 
Source of variation df Ms Sign.^ Ms Sign. Ms Sign. Ms Sign. 
Whole plot 
Replication 3 14.11 * 12.79 * 0.20 n.s. 12.58 * 
Emergence date 3 10.02 * 148.16 ** 5.22 ** 28.42 ** 
Error (a) 9 2.46 2.86 0.26 1.90 
Sub-plot 
Borer type 2 177.02 ** 77.35 ** 27.80 ** 62.20 
Date X type 6 5.62 ** 2.20 * 1.34 ** 2.38 
Error (b) 24 0.83 0.75 0.18 0.86 
Total 47 
** 
^n.s. = not significant, ** = significant at 1% level, * = significant at 5% level. 
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wild borers and borers from the colony for larval survival 7 and 21 days 
after egg hatch, leaf-feeding ratings, and lesion counts, which agrees with 
the 1965 data (Table 14). Larval survival 7 and 21 days after egg hatch, 
leaf-feeding ratings, and lesion counts were considerably lower for the F^^ 
colony compared with the wild and F^ colony. The difference between wild 
borers and the F^^ colony is consistent with the findings in 1966 between 
wild borers and the F^^ colony. 
Larval survival 7 and 21 days after egg hatch declined somewhat from 
moth emergence date I to date IV for the wild and F^ colony. Differences 
for leaf-feeding ratings and lesions caused by progeny from moth emergence 
dates were significant but the magnitude of the difference was small (Table 
14). Larval survival 7 and 21 days after egg hatch, leaf-feeding ratings, 
and lesion counts declined considerably from moth emergence date I to date 
IV for the F^^ colony. 
The wild and F^ borers consistently produced an overall rating of sus­
ceptibility based on leaf-feeding ratings for each moth emergence date. 
Susceptibility of WF9 as measured by leaf-feeding ratings for the F^^ colony 
ranged from a high intermediate to low intermediate. 
Comparison of oviposition periods and moth emergence dates within borer 
types 
Oviposition period means by moth emergence dates for the wild, F^, and 
F^g borer types are presented in Tables 16, 17, and 18, respectively. A 
summary of the statistical analyses for the data on which the means are 
based is given in Table 19. The borer types were again treated separately 
because oviposition period within borer type was of greater interest than 
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Table 16. Larval survival and damage per plant from wild borers on WF9. 
Ankeny, Iowa, 1967^ 
Moth Two-day oviposition periods 
emergence 
date 1st 2nd 3rd 4th Average 
Average number of larvae at 7-day 
dissection 
I 9.0 12.2 13.5 12.7 11.9 
II 15.2 16.1 10.0 16.7 14.5 
III 10.6 10.7 14.7 10.4 11.6 
IV 9.9 8.4 11.3 10.5 10.1 
Average 11.2 11.9 12.4 12.6 
Average number of larvae at 21-day 
dissection 
I 10.9 9.8 10.8 9.9 10.4 
II 10.1 9.9 8.8 10.8 9.9 
III 5.9 5.7 7.0 7.1 6.4 
IV 7.1 4.8 5.9 5.3 5.8 
Average 8.5 7.5 8.1 8.3 
Average of leaf-•feeding ratings at 
21-day dissection 
I 7.6 8.7 8.6 8.4 8.4 
II 8.9 8.8 8.4 8.3 8.6 
III 7.9 8.3 8.6 8.5 8.3 
IV 8.2 7.6 7.3 8.0 7.8 
Average 8.2 8.4 8.2 8.3 
Average number of lesions at 21-day 
dissection 
I 7.2 10.2 10.1 10.2 9.5 
II 12.0 11.1 9.9 11.8 11.2 
III 7.2 9.2 10.3 8.9 8.9 
IV 8.5 5.6 6.4 6.2 6.7 
Average 8.8 9.0 9.2 9.3 
^Each emergence date x oviposition period mean is based on 48 plant 
observations (4 replications x 12 plants). 
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Table 17. Larval survival and damage per plant from borers on WF9. 
Ankeny, Iowa, 1967& 
Moth 
emergence 
date 
Two-day oviposition periods 
1st 2nd 3rd 4 th Average 
Average number of larvae at 7-day 
dissection 
I 8.2 
II 9.2 
III 6.3 
IV 6.5 
Average 7.6 
9.1 
11.2 
6.7 
8.1 
8 . 8  
11.3 
7.0 
9.2 
10.4 
9.5 
10.3 
10.6 
11.2 
13.6 
11.4 
9.7 
9.5 
8.4 
9.6 
Average number of larvae at 21-day 
dissection 
I 8.2 
II 7.3 
III 2.9 
IV 3.9 
Average 5.6 
8 . 6  
7.6 
6.6 
5.6 
7.1 
9.9 
7.2 
5.3 
5.6 
7.0 
10.0 
7.1 
5.4 
7.7 
7.5 
9.2 
7.3 
5.0 
5.7 
Average of leaf-feeding ratings at 
21-day dissection 
I 7.6 
II 8.7 
III 6.5 
IV 6.8 
Average 7.4 
8 . 2  
7.9 
8.5 
7.6 
8.1 
8 . 6  
8 . 2  
8.3 
7.9 
8.3 
8 . 6  
8.3 
7.9 
8 . 6  
8.4 
8.3 
8.3 
7.8 
7.7 
I 
II 
III 
IV 
Average number of lesions at 21-day 
dissection 
7.1 
9.1 
4.8 
4.8 
7.9 
8 . 0  
8.4 
5.6 
8 . 6  
8 .0  
6.9 
6 . 0  
9.6 
8.7 
8.7 
8.7 
8.3 
8.5 
7.2 
6.3 
Average 6.5 7.5 7.4 8.9 
^Each emergence date x oviposition period mean is based on 48 plant 
observations (4 replications x 12 plants). 
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Table 18. Larval survival and damage per plant from F,^ borers on WF9. 
Ankeny, Iowa, 1967^ 
Moth Two-day oviposition periods 
emergence 
date 1st 2nd 3rd 4 th Average 
Average number of larvae at 7-day 
dissection 
I 4.6 6.7 6.8 8.0 6.5 
II 4.0 6.2 3.6 4.4 4.6 
III 2.3 3.7 6.8 6.7 4.9 
IV 2.1 1.7 5.8 5.8 3.9 
Average 3.2 4.6 5.8 6.2 
Average number of larvae at 21-day 
dissection 
I 4.7 6.4 7.9 7.2 6.5 
II 3.1 4.5 3.8 3.3 3.7 
III 1.6 2.4 3.2 4.0 2.8 
IV 1.6 1.4 1.4 2.4 1.7 
Average 2.8 3.7 4.0 4.2 
Average of leaf-feeding ratings at 
21-day dissection 
I 5.4 7.2 7.4 7.7 6.9 
II 6.3 6.4 6.0 5.8 6.2 
III 2.8 5.0 6.6 7.4 5.4 
IV 3.7 3.3 3.3 5.1 3.8 
Average 4.5 5.5 5.8 6.5 
Average number of lesions at 21-day 
dissection 
I 5.2 6.7 7.9 7.8 6.9 
II 5.0 6.0 6.0 5.0 5.5 
III 2.4 5.2 6.8 7.1 5.4 
IV 1.9 1.9 2.5 3.9 2.4 
Average 3.6 5.0 5.7 5.9 
^Each emergence date x oviposition period mean is based on 48 plant 
observations (4 replications x 12 plants). 
Table 19. Analyses of variance based on data summarized in Tables 16, 17, and 18. Ankeny, Iowa, 1967 
Source of 
variation df 
7-day dissections 
Larvae 
Ms Sign. 
21-day dissections 
Larvae Leaf-feeding ratings Lesions 
Sign. Ms Sign. Ms Ms Sign. 
Whole plot 
Replication 
Emergence date 
Error (a) 
3 
3 
9 
28.81 
54.52 
11.17 
n. s. 
* 
29.37 
91.46 
7.96 
Wild borers 
n.s. 
** 
0.44 
1.92 
0.48 
n.s. 
* 
29.55 
54.93 
11.75 
n.s. 
* 
Sub-plot 
Oviposition period 3 6.20 
Emergence date x 
oviposition period 9 23.22 
Error (b) 36 7.78 
Total 63 
Whole plot 
Replication 3 32.75 
Emergence date 3 6.51 
Error (a) 9 1.58 
n.s. 
** 
** 
* 
6.33 
1.23 
5.30 
20.70 
54.77 
4.39 
n.s, 
n.s. 
0.13 
0.72 
0.42 
colony 
* 
** 
0.54 
1.34 
0.65 
n.s. 
n.s. 
n.s. 
n.s. 
0.78 
8.18 
6.04 
18.40 
16.56 
2.44 
n.s. 
n.s. 
** 
* 
Sub-plot 
Oviposition period 
Emergence date x 
oviposition period 
Error (b) 
Total 
9 
36 
63 
41.96 
12.78 
3.48 
** 
** 
11.86 
3.78 
2.69 
** 
n.s. 
3.10 
1.38 
0.46 
** 
** 
16.59 
4.32 
3.77 
** 
n.s. 
^n.s. = not significant, ** = significant at 1% level, * = significant at 5% level. 
Table 19. (Continued) 
Source of 
variation df 
7-day dissections 
Larvae 
Ms Sign. 
21-day dissections 
Ms 
Larvae Leaf-feeding ratings 
Sign. Ms Sign. 
Lesions 
Ms Sign. 
Whole plot 
Replication 
Emergence date 
Error (a) 
3 
3 
9 
6.54 
23.54 
6.54 
n. s. 
n.s. 
5,80 
68.78 
6 . 2 6  
colony 
n.s, 
** 
0.54 
27.76 
1.57 
n.s. 
** 
5.29 
56.01 
4.95 
n.s. 
** 
Sub-plot 
Oviposition period 
Emergence date x 
oviposition period 
Error (b) 
Total 
9 
36 
63 
26.74 
10.97 
2.45 
** 
** 
6.89 
2.45 
1.64 
n.s. 
10.76 
4.43 
1.03 
** 
** 
17.78 
4.17 
4.87 
n.s. 
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between borer types. 
Wild borers Progeny of wild borers originating from the different 
oviposition period did not differ significantly when compared by larval sur­
vival at 7 or 21 days or by the plant damage criteria. The oviposition 
period x moth emergence date interaction was not significant except in the 
7-day larval survival parameter. Borers originating from moths of different 
emergence dates were shown to be significantly different when compared by 
each of the parameters used in this study (Tables 16 and 19). Inspection of 
the average values obtained in each of the moth emergence dates (Table 16) 
reveals a consistent downward trend in number of larvae present 21 days 
after egg hatch with a difference of approximately 5 borers per plant be­
tween emergence date I and IV. The average leaf-feeding ratings, though 
statistically different between moth emergence dates, were all within the 
susceptible category ranging from 7.8 to 8.6. 
borers An oviposition period x moth emergence date interaction 
was shown for borers based on larval survival 7 days after egg hatch and 
in the number of lesions produced per plant (Tables 17 and 19). The borers 
from the different oviposition periods differed significantly at the 1% 
level of confidence when compared by each of the parameters. Borers from 
the different moth emergence dates were significantly different for each 
parameter except leaf-feeding ratings. The averages of leaf-feeding ratings 
for damage caused by F^ borers were all in the susceptible category ranging 
from 7.7 to 8.3 (Table 17). Though oviposition period mean values were 
highly significant for the borers using each of the criteria and increasing 
values were obtained in each parameter with successive periods, the actual 
difference between the values was not of practical use. The averages from 
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the fourth or final 2-day oviposition period were consistently the highest 
in each of the parameters. 
borers An oviposition period x moth emergence date interaction 
was shown for F^^ borers in larval survival 7 days after egg hatch and in 
the number of lesions produced per plant (Tables 18 and 19). Borers from 
the different oviposition periods were shown to be significantly different 
when compared by each of the criteria. F^^ borers from the different moth 
emergence dates differed at the 1% level of confidence for the damage para­
meters and for larval survival 21 days after egg hatch. 
Averaged over oviposition periods, moth emergence date means consist­
ently declined in each criterion with each successive emergence date (Table 
18). The mean number of lesions produced by the F^^ borers were low, rang­
ing from 2.4 to 6.9 lesions per plant and the average leaf-feeding ratings 
were intermediate, ranging from 3.8 to 6.9. The averages obtained for the 
different oviposition periods using each of the criteria increased in value 
with successive periods but the magnitude of change from the first to last 
oviposition period was of little consequence. 
Correlation of larval survival and damage ratings 
The correlations of mean numbers of larvae per plant 7 days after egg 
hatch vs corresponding average of leaf-feeding ratings in 1967 were highly 
significant for the wild borers (r = 0.7096) and for the borers (r = 
0.7002) but not for the F^ borers (r = 0.4620). Correlation of the means of 
leaf-feeding ratings among borer types was highly significant between the 
wild and F^^ borers (r = 0.7164) but not significant between the wild vs Fg 
borers (r = 0.3754) or the F^ vs F^^ borers (r = 0.3948). Tlie regression of 
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borer leaf-feeding ratings on wild borer leaf-feeding ratings is illus­
trated in Figure 2. 
The correlation of mean numbers of larvae per plant 21 days after egg 
hatch vs the mean number of lesions per plant was highly significant for 
each borer type. The correlation coefficients for the wild, F^, and F^^ 
colonies were r = 0.8483, r = 0.7776, and r = 0.8885, respectively. Corre­
lation of mean number of lesions between borer types was highly significant 
for wild borers vs F^^ borers (r = 0.7122) and wild borers vs F^ borers 
(r = 0.7887) but not significant for F^ vs F^^ borers (r = 0.1673). The 
regression of F^ and F^^ borer feeding lesions on wild borer feeding lesions 
are illustrated in Figure 3. 
Rate of borer development in the field 
The percent of borer forms recovered 21 days after egg hatch is pre­
sented by instar, oviposition period, moth emergence date and borer type in 
Table 20. The mean percentages by instar shows no real difference among the 
borer types. The rate of development accelerated in the progeny from moth 
collected on the first three emergence dates in all borer types as indicated 
by the percentage of fourth and fifth instars recovered but then the per­
centages declined slightly in progeny from moths collected on the fourth 
emergence date. The rate of borer development was essentially the same in 
all 3 years of the study. 
Comparison of Borer Types Over Years 
The mean values obtained by each of the parameters are summarized for 
the 3 years of study in Tables 21, 22, and 23 for the wild, F^ and the con­
tinuously reared colonies, respectively. The combined year analyses 
Table 20. Stage of corn borer development on WF9 21 days after egg hatch. Anl 
Moth Two-day Percentage of borer forms reci 
emer- ovipo- Wild borers F„ borers 
gence sition £ 
date period 2nd 3rd 4th 5th Pupae 2nd 3rd 4th 5tl 
I 1 0.0 69.0 30.1 0.9 0.0 1.5 46.0 45.0 7 
2 3.1 57.9 32.7 6.3 0.0 2.6 55.6 36.2 5 
3 5.0 56.3 30.8 7.9 0.0 2.7 58.5 30.5 8 
4 0.7 55.9 33.2 10.1 0.0 1.3 49.6 38.9 10 
Average 2.2 59.8 31.7 6.3 0.0 2.0 52.4 37.6 7 
II 1 1.5 34.2 47.1 17.1 0.0 0.6 39.8 46.8 12 
2 0.4 37.1 45.3 17.2 0.0 1.6 48.7 38.6 11 
3 0.8 37.2 53.2 8.9 0.0 1.5 45.4 39.8 12 
4 2.7 48.0 39.4 9.9 0.0 4.1 50.7 35.1 10 
Average 1.4 39.1 46.2 13.3 0.0 2.0 46.2 40.1 11, 
III 1 0.4 18.7 56.0 25.0 0.0 0.7 18.1 46.4 34, 
2 0.4 13.1 46.2 40.7 0.0 0.0 9.2 55.7 35 
3 0.3 10.1 62.0 27.6 0.0 0.4 16.0 60.8 22, 
4 0.9 15.2 52.2 31.3 0.3 0.4 16.2 54.8 29, 
Average 0.5 14.3 54.1 31.2 0.1 0.4 14.9 54.2 30, 
IV 1 0.6 15.5 54.2 29.3 0.3 0.0 12.4 58.1 29, 
2 0.0 23.4 56.2 20.4 0.0 0.4 18.6 53.9 27, 
3 0.0 19.8 56.2 24.0 0.0 0.7 17.9 55.6 25, 
4 0.8 18.9 56.7 23.6 0.0 0.0 17.2 56.1 26. 
Average 0.4 19.4 55.8 24.3 ' 0.1 0.3 16.5 55.9 27. 
1 days after egg hatch. Ankeny, Iowa, 1957 
rcentage of borer forms recovered by instar 
F, 2 borers 
^45 
borers 
2nd 3rd 4 th 5 th Pupae 2nd 3rd 4 th 5 th Pupae 
1.5 46.0 45.0 7.4 0.0 0.0 41.2 47.8 11.1 0.0 
2.6 55.6 36.2 5.7 0.0 1.0 59.0 32.4 7.5 0.0 
2.7 58.5 30.5 8.2 0.0 4.7 55.0 32.8 7.5 0.0 
1.3 49.6 38.9 10.2 0.0 1.4 51.3 34.4 12.8 0.0 
2.0 52.4 37.6 7.9 0.0 1.8 51.6 36.8 9.7 0.0 
0.6 39.8 46.8 12.5 0.3 2.1 30.5 51.1 16.3 0.0 
1.6 48.7 38.6 11.0 0.0 2.5 36.4 45.3 15.8 0.0 
1.5 45.4 39.8 12.6 0.0 0.7 36.9 53.0 9.4 0.0 
4.1 50.7 35.1 10.0 0.0 2.8 51.7 32.9 12.6 0.0 
2.0 46.2 40.1 11.5 0.1 2.0 38.9 45.6 13.5 0.0 
0.7 18.1 46.4 34.0 0.7 1.3 23.7 60.5 14.5 0.0 
0.0 9.2 55.7 35.1 0.0 0.0 8.7 63.5 27.8 0.0 
0.4 16.0 60.8 22.8 0.0 0.0 11.4 62.8 25.7 0.0 
0.4 16.2 54.8 29.3 0.0 0.5 23.4 50.0 25.0 1.0 
0.4 14.9 54.2 30.3 0.2 0.4 16.8 59.2 23.2 0.2 
0.0 12.4 58.1 29.6 0.0 0.0 24.3 48.6 27.0 0.0 
0.4 18.6 53.9 27.1 0.0 0.0 29.4 48.5 22.0 0.0 
0.7 17.9 55.6 25.7 0.0 1.6 23.0 54.1 21.3 0.0 
0.0 17.2 56.1 26.7 0.0 0.9 27.2 54.4 16.7 0.9 
0.3 16.5 55.9 27.3 0.0 0.6 26.0 51.4 21.8 0.2 
1965 
1966 
1967 
1965 
1966 
1967 
1965 
1966 
1967 
1965 
1966 
1967 
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Summary of larval survival and damage per plant for wild borers. 
Ankeny, Iowa, 1965, 1966, and 1967 
Moth emergence dates 
II III IV Average 
Average number of larvae at 7-8 day 
dissection 
3.5 
11.2 
11.7 
Average 8.8 
6 . 2  
7.6 
13.6 
9.1 
6.5 
10.5 
11.2 
9.4 
6.4 
5.8 
9.2 
7.2 
5.7 
8 . 8  
11.4 
Average number of larvae at 21-30 day 
dissection 
2.1 
6 . 0  
10.3 
Average 6.1 
2.3 
4.2 
9.3 
5.2 
2 . 0  
5.0 
6.3 
4.4 
2.7 
3.6 
5.4 
3.9 
2 . 2  
4.7 
7.8 
Average of leaf-feeding ratings at 
21-30 day dissections 
5.5 
7.5 
8.4 
Average 7.1 
7.4 
7.4 
8.5 
7.8 
6.3 
8 . 8  
8.3 
7.8 
8.1 
7.4 
7.3 
7.6 
6 . 8  
7.8 
7.6 
Average number of lesions at 21-30 
day dissection 
6 . 1  
6 . 8  
9.4 
7.4 
5.7 
11.0 
5.6 
6 . 6  
9.0 
5.2 
3.1 
6.3 
6.1 
5.5 
8.9 
Average 7.4 8.0 7.0 4.9 
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Table 22. Summary of larval survival and damage per plant for F„ borers. 
Ankeny, Iowa, 1965, 1967 
Moth emergence dates 
Year I II III IV Average 
Average number of larvae at 
dissection 
00 1 
1965 2.7 4.5 3.3 10.1 5.1 
1967 9.7 9.5 8.1 9.5 9.2 
Average 6.2 7.0 5.7 9.8 
Average number of larvae at 
day dissection 
21-30 
1965 2.1 1:6 1.7 3.6 2.2 
1967 9.2 7.0 5.0 5.6 6.7 
Average 5.7 4.2 3.4 4.6 
Average of leaf-feeding ratings at 
21-30 day dissection 
1965 5.4 6.5 7.0 7.6 6.6 
1967 8.3 8.1 7.8 7.8 8.0 
Average 6.8 7.3 7.4 7.7 
Average number of lesions at 21-30 
day dissection 
1965 4.5 4.7 3.2 4.6 4.2 
1967 8.3 8.4 7.2 6.2 7.5 
Average 6.4 6.5 5.2 5.4 
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Table 23. Summary of larval survival and damage per plant for and F,^ 
borers. Ankeny, Iowa, 1966, 1967 
Borer Moth emergence dates 
type Year I II III IV Average 
Average number of larvae at 7-day 
dissection 
F^^ 1966 2.2 2.2 3.0 0.8 2.0 
F^^ 1967 6.5 4.6 4.9 3.6 4.9 
Average 4.4 3.4 3.9 2.2 
Average number of larvae at 21-day 
dissection 
F„, 1966 1.7 1.7 1.8 0.4 1.4 34 
1967 6.6 3.5 2.9 1.6 3.6 
45 
Average 4.2 2.6 2.4 1.0 
Average of leaf-feeding ratings at 
21-day dissection 
F^^ 1966 3.3 4.3 5.0 2.3 3.7 
F,_ 1967 6.9 6.4 5.7 4.0 5.8 
45 
Average 5.1 5.4 5.3 3.1 
Average number of lesions at 21-day 
dissection 
F_, 1966 2.3 3.4 3.1 1.1 2.5 34 
F, c 1967 6.8 5.6 5.2 2.4 5.0 45 
Average 4.6 4.5 4.2 1.8 
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for these data are presented in Tables 24, 25, and 26. 
Within each borer type, the year by moth emergence date interaction was 
highly significant for larval survival 7-8 and 21-30 days after egg hatch 
and for leaf-feeding ratings and lesion counts (Tables 24, 25, and 26). In 
this case the year x emergence date interaction is the appropriate error 
term for testing emergence dates for significance. Thus as shown in Tables 
24, 25, and 26 the values obtained within moth emergence dates combined over 
years were not significantly different in either of the borer types for any 
of the criteria with the exception of lesion counts for the wild borers. 
When combined over years the differences that have been shown within indi­
vidual years for the moth emergence dates cancel one another. 
Wild borers 
Significant differences in the number of larvae surviving at 7 and 21-
30 days after egg hatch and in lesion counts were shown to have occurred 
between the years of testing. Leaf-feeding ratings for the wild borer did 
not differ significantly from year to year (Table 21). The lesion counts 
for wild borers when averaged over years shows a distinctly reduced value 
for borers originating from the fourth moth emergence date (Table 21). As 
was noted in previous sections and in Table 21 greater numbers of wild 
borers became established and the resulting damage increased in each succes­
sive year of the test. 
borers 
Larval survival 21-30 days after egg hatch and lesion counts were sig­
nificantly greater in 1967 than in 1965. Larval survival 7 days after egg 
hatch and leaf-feeding ratings were not significantly different for the 2 
Table 24. Analyses of variance for combined years based on data for wild borers summarized in Table 
21. Ankeny, Iowa, 1965, 1966, 1967 
7-dav dissection 21-30 day dissection 
Larvae Larvae Leaf-feeding ratings Lesions 
Source of variation df Ms Sign.^ Ms Sign. Ms Sign. Ms Sign. 
Year 2 132.92 * 125.75 ** 6.90 n.s. 52.41 ** 
Replication within year 9 2.08 n.s. 2.71 n.s. 0.29 n.s. 2.90 n.s. 
Moth emergence date 3 12.38 n.s. 11.09 n.s. 1.18 n.s. 22.67 
Year x moth emergence 
date 6 17.20 ** 7.69 ** 3.61 ** 3.82 
Error 27 1.82 1.00 0.28 1.43 
Total 47 
* 
^n.s. = not significant, ** = significant at the 1% level of probability, * = significant at the 
5% level of probability. Year and emergence date are tested against the over year error which is 
year x date. 
Table 25. Analyses of variance for combined years based on data for F borers summarized in Table 22. 
Ankeny, Iowa, 1965, 1967 
7-8-day dissection 
Larvae 
21-30-day dissection 
Source of variation df Ms Sign. 
Larvae Leaf-feeding ratings Lesions 
Sign. Ms Sign. Ms Sign, Ms 
Year 1 
Replication within year 6 
Moth emergence date 3 
Year x moth emergence 
date 3 
Error 
Total 
18 
31 
132.44 
4.96 
27.06 
21.63 
0.67 
n.s. 
n. s. 
n.s, 
** 
158.33 
2.63 
7.31 
n.s. 
n.s. 
9.92 ** 
0.50 
15.19 
0.36 
1.04 
2.69 
0.24 
n.s. 
n.s. 
n.s. 
** 
85.97 
2.91 
3.72 
2.34 
0.47 
** 
n.s. 
n.s. 
^n.s. = not significant, ** = significant at the 1% level of probability, * = significant at the 
5% level of probability. Year and emergence date are tested against the over year error which is 
year x date. 
Table 26. Summary of analyses of variance for combined years based on data for a c  borers 
summarized in Table 23. Ankeny, Iowa, 1966, 1967 
7-8-day dissection 
Larvae 
21-30-day dissection 
Source of variation df Ms Sign.' Ms 
Larvae Leaf-feeding ratings 
Sign. Ms Sign. Ms 
Lesions 
Sign. 
Year 1 
Replication within year 6 
Moth emergence date 3 
Year x moth emergence 
date 
Error 
Total 
3 
18 
31 
64.24 
0.99 
7.17 
2.08 
0.89 
n.s. 
n.s. 
n.s. 
40.36 
0.73 
13.42 
6.40 
0.81  
n.s. 
n.s. 
n.s. 
** 
34.13 
0.11 
9.12 
2.85 
0.44 
n.s. 
n.s. 
** 
51.23 
0.85 
14.12 
3.83 
0.63 
n.s. 
n.s. 
n.s. 
** 
^n.s. = not significant, ** = significant at the 1% level of probability, * = significant at the 
5% level of probability. Year and emergence date are tested against the over year error which is 
year x date. 
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years in which these borers were tested (Tables 22 and 25). The pronounced 
decline in lesions per plant produced by borers of the fourth emergence date 
noted for the wild borer did not occur when the borers were used. 
and F^^ borers 
Larval survival 7 days after egg hatch and leaf-feeding ratings were 
significantly greater in 1967 than in 1966. As shown in Table 23 the actual 
differences between the average values obtained in the 2 years of study were 
low for each of the parameters and supports the contention that 1967 was the 
most favorable year for borer survival of the 3 years of testing. 
Inter-hill Larval Movement 
Since T. A. Brindley in Iowa and W. D. Guthrie^ in Ohio have shown that 
larval movement from plot to plot is negligible, guard rows between plots 
within each whole plot area were not used in these studies. Data collected 
in 1967 show that larvae were capable of moving from plot to plot. A heavy 
infestation developed in some uninfested rows bordering infested ones. 
These uninfested plots were rated for leaf-feeding damage, lesion counts 
made, and dissected to determine the number of larvae present at approxi­
mately 21 days after egg hatch. The data obtained are presented in Table 
27. The uninfested row 3006 bordering row 3007 which was infested with wild 
borers and the uninfested row 4049 bordering row 4048 which was infested 
with borers are shown in Figures 4 and 5 respectively. The uninfested 
row had an average leaf-feeding rating of 8.5 which distinctly indicates 
5 
T. A. Brindley and W. D. Guthrie. Larval movement in the field. 
Private communications, Ames, Iowa. 1968. 
Table 27. Larval migration from infested plots to uninfested plots. Ankeny, Iowa, 1967 
Borer type in 
infested row 
Plot 
No. 
Date 
infested 
Date 
dissected 
Average 
number^ 
of borers^ 
Average of Average 
leaf-feeding number of 
ratings lesions 
F„, emergence date I 
O.p.4 
1st row north 
2nd row north 
3rd row north 
4th row north 
5th row north 
6th row north 
Guard rows 
Wild, emergence date IV 
O.p.2 
1st row south 
2nd row south 
3rd row south 
4th row south 
5th row south 
6th row south 
Guard rows 
Wild, emergence date I 
O.p.l 
1st row north 
2nd row north 
3rd row north 
4th row north 
5th row north 
1007 
1006 
1005 
1004 
1003 
1002 
1001 
2114 
2115 
2116 
2117 
2118 
2119 
2120 
3007 
3006 
3005 
3004 
3003 
3002 
6/25-26 7/3 
7/11-12 7/19 
6/23-24 7/15 
11.9 
3.6 
1.6 
0 . 2  
0.1 
0.1 
0 . 2  
4.2 
1.0 
0.4 
0.1 
0.4 
0.4 
0 
9.1 
2.4 
1.9 
0.5 
0 . 2  
0 . 2  
8 . 8  
7.8 
3.9 
1.6 
1.4 
1.9 
1.6 
7.4 
6.3 
3.0 
1.4 
2 . 6  
2.9 
1 . 8  
7.3 
8.5 
5.4 
3.7 
1.1 
1.6 
12.5 
9.4 
5.4 
1.4 
0 . 8  
1.9 
0 . 2  
4.9 
3.9 
1.8 
0.9 
1.4 
0.4 
0.5 
6.1 
9.1 
2.7 
2.5 
0.5 
0.3 
^eans given from uninfested plots based on 10 plants. Means given for infested plots based on 
12 plants per plot and where the border plot was dissected 7 days after egg hatch the mean leaf-
feeding rating and mean lesion value is that recorded for the sister row in the plot. 
Table 27. (Continued) 
Average Average of Average 
Borer type of Plot Date Date number leaf-feeding number of 
infested row No. infested dissected of borers ratings lesions 
6th row north 
Guard rows 
3001 0.1 1.9 0.4 
Wild, emergence date I 
O.p. 3 4055 6/24-25 7/2 7.2 8.1 6.4 
1st row north 4054 2.3 9.0 11.5 
2nd row north 4053 0.5 2.9 1.5 
3rd row north 4052 0.3 2.1 0.1 
4th row north 4051 0.6 2.3 1.4 
5th row north 4050 0.1 1.9 0.5 
6th row north 4049 0.9 1.9 2.3 
F.c, emergence date I 
^ O.p.4 4048 6/25-26 7/17 3.8 6.9 5.4 
Figure 4. Uninfested row 3006 showing the heavy amount of leaf-feeding presumed to have been pro­
duced by wild borers from the first moth emergence date, first oviposition period which 
were placed on row 3005 

Figure 5. Uninfested row 4049 showing a lesser amount of leaf-feeding presumed to have been produced 
by F,_ borers from the first moth emergence date, first oviposition period which were 
placed on row 4048 
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that the larvae had moved from the infested row. The larvae also continued 
their movement to the second (3005) and third (3004) row away from the in­
fested row in decreasing numbers. The low amount of leaf-feeding observed 
in the fourth through sixth rows away from the infested rows may properly 
be attributed to the natural borer population. Most of the uninfested rows 
adjacent to an infested row had high lesion counts per plant. 
In future studies where different colonies of borers are being com­
pared, at least 2 guard rows should be used between each infested unit. In 
screening inbred lines for resistant germ plasm, larval movement from hill 
to hill and/or plot to plot is not a problem because the investigator is 
interested in a high level of infestation for selecting resistant lines. 
Laboratory Tests 
Under a controlled environment of 80°F and 80% relative humidity, 
samples of larvae from each test unit taken to the field were individually 
isolated in shell vials containing an artificial diet. Under these condi­
tions the more rapidly developing larvae started pupating in 12 to 13 days 
and the slower ones 30 to 35 days. The incidence of the disease Perezia 
pyraustae had some bearing on the extended development period but the degree 
of infection was not measured. Twenty-one days after egg hatch, borers that 
pupated at 12 days began to emerge as adult moths. Percentage pupation 21 
days after egg hatch and final pupation were used to compare the rate of 
development and degree of larval mortality for the wild, F^, and continu­
ously reared and borers. 
Since the data were summarized as percentages which were based on low 
numbers, and the percentage values were usually above 80, the arcsin 
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transformation for proportions was made for analysis of the data (LeClerg, 
et al., 1962). The data are summarized in Tables 28, 29, and 30 for the 3 
years of study. The analyses of variance or covariance are presented in 
Table 31. 
The borer type x moth emergence date x oviposition period interaction 
was highly significant each year for percentage pupation 21 days after 
eclosion (Table 31). This indicates that the borer types were responding 
differently in the different moth emergence dates and oviposition periods. 
The data in Tables 28-30 for the second order interactions show no consist­
ent trends in 21 day or final pupation. The mean values for moth emergence 
dates averaged over oviposition periods in these tables are erratic and show 
no trends for either 21 day or final pupation. Averaged over moth emergence 
dates, the average values for oviposition periods within borer type do not 
reveal consistent patterns or trends in either criteria. 
The second order interaction involving final percentage pupation was 
significant in 1966 and 1967 but not in 1965 (Table 31). Borer types and 
oviposition periods differed significantly at the 1% level of confidence in 
21 day and final pupation. The final percentage pupation of borers from 
different moth emergence dates differed at the 5% level of confidence in 
1965 and 1967 and at the 1% level in 1966. Inspection of the overall borer 
type means suggests the reason for this. In 1965 the averages of final per­
centage pupation (transformed) for the wild and borer types were 79.4 and 
74.4, respectively. The magnitude of the difference, though significant, is 
quite low. In 1966 the final mean percentage pupation for wild and bor­
ers was 75.1 and 64.6, respectively. In 1967 the final average percentage 
pupation for the wild, F^, and F^^ borer types as 77.9, 74.6, and 68.6, 
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Table 28. Mean percentage pupation of wild and F_ borers reared on an 
artificial diet. Ankeny, Iowa, 1965& 
Wild borers F„ borers 
Moth 2 
emergence Oviposition period Oviposition period 
date 12 3 Average 12 3 Average 
Percentage pupation 21 days after egg hatch 
I 84.4 73.9 57.2 71.8 77.4 69.9 64.1 70.4 
II 74.4 76.2 76.3 75.6 66.2 74.8 61.0 67.3 
III 85.2 80.2 72.7 79.4 31.3 66.2 67.3 54.9 
IV 76.7 32.8 54.1 54.5 64.5 65.1 66.8 65.4 
Average 80.1 65.8 65.1 70.3 59.8 69.0 64.8 64.5 
Final percentage pupation 
I 87.2 77.0 68.9 77.7 78.4 80.9 75.1 78.1 
II 76.4 75.4 77.2 76.4 70.2 74.8 69.7 71.6 
III 88.6 86.6 75.6 83.6 83.3 72.0 73.2 76.2 
IV 79.9 82.3 77.6 79.9 72.9 70.8 72.1 71.9 
Average 83.0 80.3 74.8 79.4 76.2 74.6 72.5 74.4 
^The percentages were based on 17 larvae each date, period, and borer 
type replicated 10 times. These data are transformed by the arcsin trans­
formation for proportions. 
respectively. When compared over years, final pupation for the wild borer 
was 79.4% in 1965, 76.1% in 1966, and 77.9% in 1967; final pupation for the 
borer was 74.4% in 1965, and 74.6% in 1967, and final pupation for the 
continuously reared borers (F^^ and F^^) was 64.4% in 1966 and 68.6% in 
1967. The continuously reared borers had the poorest survival in these 
tests. Since the borers under test were reared on wheat germ diet and the 
^^34-45 been continuously reared on "com leaf" diet, some of the differ­
ence in rate of pupation of borer types may be attributable to the change in 
diet. 
Table 29. Mean percentage pupation of wild and F., borers reared on an artificial diet. Ankeny, 
Iowa, 1966& 
Moth 
emergence 
date 
Wild borers 34 borers 
Oviposition period 
Average 
Oviposition period 
Average 
Percentage pupation 21 days after egg hatch 
I 76.2 76.4 68.0 72.3 73.2 58.9 53.2 54.7 54.9 55.4 
II 81.3 78.5 64.9 68.4 73.2 70.8 59.0 74.3 73.6 69.4 
III 80.3 58.8 69.1 71.4 69.9 67.7 67.3 66.0 71.7 68.2 
IV 74.8 81.3 74.6 76.7 76.8 41.8 60.0 65.3 71.4 59.6 
Average 78.1 73.7 69.1 72.2 73.3 59.8 59.9 65.1 67.9 61.2 
Final percentage pupation 
I 76.7 76.4 71.2 73.3 74.4 59.3 54.0 58.1 54.6 56.5 
II 81.3 78.5 66.0 69.0 73.9 67.3 65.7 78.0 75.2 71.6 
III 80.3 64.3 71.1 75.9 72.9 68.4 69.3 67.2 71.7 69.1 
IV 74.8 82.3 79.1 80.2 79.1 43.2 60.0 67.6 74.2 61.3 
Average 78.3 75.4 71.8 74.8 75.1 59.6 62.2 67.7 68.9 64.6 
^The percentages were based on 17 larvae each date, period, and borer type replicated 10 times. 
These data are transformed by the arcsin transformation for proportions. 
Table 30. Mean percentage pupation of wild, and borers reared c-1 an artificial diet. Ankeny, Iowa, 1967^ 
Moth Wild borers Fg borers F,r borers • 45 
emergence Oviposition period Oviposition period Oviposition period 
date 12 3 4 Average 12 3 4 Average 12 3 4 Average 
Percentage pupation 21 days after egg hatch 
I 65^ 73.6 62.7 60.4 65.6 59.5 72.8 68.1 71.9 68.1 50.5 53.7 57.2 60.0 55.3 
II 61.7 , 61.3 65.2 66.0 616 73.1 58.4 61.4 612 65.3 58.5 61.5 612 64.8 612 
III 71.9 80.3 64.2 8A2 75.9 57.7 68.0 65.3 73.9 6^2 56.2 6^3 59.1 52.5 58.5 
IV 80.1 69.4 75.4 78.4 718 70.5 69.3 78.1 819 75.4 60.6 518 59.9 61.6 60.2 
Average 69^ 71.2 66.9 73.0 70.2 65.2 67.1 68.2 74.5 68.8 56.5 60.1 61.1 59.7 5^3 
Final percentage pupation 
I 71.7 8^8 75.6 8L9 78.7 614 77.7 77.9 78.7 74.4 56.8 73.9 617 75.7 618 
II 65.6 65.4 76.7 76.3 71.0 79.9 67.4 67.5 72.3 71.8 71.7 67.7 77.1 72.5 72.3 
III 74.6 818 8L3 87.2 82.0 61.4 75.0 77.9 82.7 74.2 62.8 72.2 77.8 66.6 69.8 
IV 80.7 76.1 82.3 80.3 79.9 77.0 70.2 80.3 85.3 78.2 50.6 67.2 70.5 65.8 615 
Average 73.1 77.7 79.2 81.4 77.9 70.4 72.6 75.9 79.7 74.6 60.4 70.2 73.5 70.2 68.6 
^The percentages were based on 17 larvae each date, period and borer type replicated 10 times. These data are trans­
formed by the arcsin transformation for proportions. 
Table 31. Analyses of variance or covariance of percentage pupation of borer types reared on an 
artificial diet. Ankeny, Iowa, 1965, 1966, 1967^ 
Source of 
variation 
1965 1966 1967 
df Ms Sign.b df Ms Sign. df Ms Sign 
Pupation 21 days after egg hatch 
Borer type 1 1,931.58 ** 1 8,051.73 ** 2 5,375.07 ** 
Emergence date 3 1,674.64 ** 3 656.64 ** 3 1,285.44 ** 
Type X date 3 3,251.78 ** 3 1,434.92 ** 6 808.72 ** 
Oviposition period 2 478.97 * 3 187.16 n.s. 3 557.20 ** 
Type X period 2 2,978.64 ** 3 993.77 ** 6 246.26 n.s. 
Date X period 6 1,727.51 ** 9 511.23 ** 9 382.92 ** 
Type X date x period 6 1,009.96 ** 9 378.78 ** 18 300.96 ** 
Error 211 111.39 283 118.25 427 128.96 
Total 234 314 474 
Final pupation 
Borer type 1 1,461.25 ** 1 8,727.95 ** 2 2,839.38 ** 
Emergence date 3 389.54 * 3 778.89 ** 3 323.00 * 
Type X date 3 222.07 n. s. 3 1,476.72 ** 6 528.54 ** 
Oviposition period 2 724.25 ** 3 161.88 n.s. 3 1,499.42 ** 
^These analyses are based on transformed data in Tables 28, 29, and 30. Analyses of covariance 
were performed where missing data occurred in 21-day pupation all 3 years and in final pupation in 
1967. 
^n.s. = not significant, ** = significant at the 1% level of probability, * = significant at the 
5% level of probability. 
Table 31. (Continued) 
Source of 
variation 
1965 1966 1967 
df Ms Sign.b df Ms Sign. df Ms Sign. 
Type X period 2 108.62 n. s. 3 908. 96 ** 6 136.65 n.s. 
Date X period 6 194.90 n.s. 9 473. 52 ** 9 543.26 ** 
Type X date x period 6 178.94 n. s. 9 300. 21 ** 18 192.80 * 
Error 216 105.27 288 115.70 427 111.21 
Total 239 319 474 
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Viability of eggs 
In 1967 extra masses of eggs were held in the laboratory to compare 
them for viability. These egg masses, pinned to the composition boards, 
were placed in plastic bags with moist paper toweling on the same day com­
parable egg masses were placed on corn in the field. These eggs were in­
cubated at 80°F until hatching occurred. The number of completely hatched, 
partially hatched, and sterile masses were recorded by moth emergence date. 
The results are presented in Table 32. Averaged over moth emergence dates, 
the colony had the highest incidence of sterile eggs (28.2%); 10.5% of 
the eggs from the F^ colony were sterile; and 5.6% of the eggs from the wild 
borers were sterile. 
Table 32. Viability of egg masses. Ankeny, Iowa, 1967 
Moth Percentage Number of 
Borer 
type 
emergence 
date Hatch 
Partial 
hatch Sterile 
egg masses 
observed 
Wild I 
II 
III 
IV 
87.3 
74.1 
69.3 
62.6 
9.3 
21.4 
23.7 
29.7 
3.4 
4.5 
7.0 
7.7 
2,714 
1,870 
2,170 
1,030 
Average 73.3 21.0 5.6 
^2 I II 
III 
IV 
74.5 
56.2 
53.4 
53.0 
16.8 
27.4 
40.0 
36.5 
8.7 
16.3 
6.6 
10.5 
2,896 
2,446 
2,315 
1,889 
Average 59.3 30.2 10.5 
F45 I 
II 
III 
IV 
41.9 
11.9 
34.5 
18.2 
30.8 
27.9 
60.2 
61.6 
27.3 
60.3* 
5.3 
20.1^ 
4,601 
294 
3,516 
417 
Average 26.6 45.1 28.2 
^Contained many masses left over from field infestations, therefore, 
were probably the poorer masses from the lot. 
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DISCUSSION 
Borer Types 
Mass production of colonies of the European corn borer is used to sup­
ply egg masses for manual infestations in host plant resistance studies, in­
secticide screening, and in biological investigations. A million egg masses 
were produced by caged moths from the wild and from moths reared on a 
meridic diet at the European Com Borer Laboratory, Ankeny, Iowa, in each of 
the seasons 1965, 1966, and 1967. Comparison was made of the efficacy of 
borers from these eggs by parent source in producing equivalent infestations. 
Colonies of borers 2 generations removed from the wild became established on 
the susceptible dent com inbred, WF9, at a slightly lower rate than their 
wild counterparts, however, even though the difference was consistent it was 
negligible; leaf-feeding and lesion damage incurred to the host plant by the 
Fg colonized borers was only slightly less than that produced by the wild 
borer. 
European com borers that had been continuously reared on a meridic 
diet for 34 to 45 generations did not become established or survive as well 
on WF9 as either the wild borer or the F„ colonized borer. The F_, or F,_ 
I 34 45 
borers could not be used with satisfaction in screening inbred lines for 
resistant germ plasm or in studying the genetic basis of resistance because 
the leaf-feeding ratings were too low for measuring differential resistance. 
Differences in leaf-feeding ratings and in lesion counts between borer 
types were, for the most part attributable to 1) poor initial larval sur­
vival of the borers reared continuously on a meridic diet and 2) a higher 
degree of egg sterility in these borers accounted for some of the difference. 
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even though the best looking egg masses were used for field infestations. 
Representative plants showing the leaf-feeding damage produced by the three 
borer types are shown in Figures 6, 7, and 8. 
In manually infested field studies involving the European corn borer, 
a uniformly moderate to heavy infestation is desired. When egg masses are 
placed on the plants in the field, the borers ability to survive becomes the 
critical issue. As Chiang and Hodson (1959) have pointed out, the first in-
star larvae in the field suffers severe mortality even under the best of 
conditions. This mortality is translated into the law of survival of the 
fittest. The weak individuals are constantly eliminated from the population 
and only those individuals which are able to withstand the rigors of the 
environment survive to perpetuate the species. When the wild borer is re­
moved from the rigorous selection pressure of the wild environment and colo­
nized in the laboratory under optimum conditions for growth and reproduc­
tion, weak individuals can survive and increase in the population. 
Knipling (1960) has postulated that it might be possible to develop 
deficiencies in immature stages of insects for their own destruction. De­
formed mouth parts in larvae is one example of a deficiency that might in­
terfere with development of an insect in nature but would not seriously 
affect their survival in the laboratory. The or F^^ colonized borers 
were not examined for deficient mouth parts; however, if a weakness such as 
deformed mouth parts should occur in the laboratory culture a much lower 
level of larval survival would result on corn from artificial infestations. 
Larvae reared continuously on artificial diet for many generations may 
also become so acclimated to the diet that they no longer prefer com as a 
host plant. Unintentional selection for this possibility might occur when 
Figure 6. Inbred WF9 21 days after being infested with F,^ corn borer egg 
masses from moths of the fourth moth emergence date, second ovi-
position period. Leaf-feeding ratings on the plants shown aver­
aged 3.3 (resistant). 
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Figure 7. Inbred WF9 21 days after being infested with F„ com borer egg 
masses from moths of the fourth moth emergence date, second ovi-
position period. Leaf-feeding ratings on the plants shown aver­
aged 7.3 (susceptible). 

Figure 8. Inbred WF9 21 days after being infested with wild corn borer egg 
masses from moths of the fourth moth emergence date, second ovi-
position period. Leaf-feeding ratings on the plants shown aver­
aged 7.6 (susceptible). 
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the borers are reared continuously on the "wheat-germ" diet currently in use 
at the European corn borer laboratory. 
Selection of progeny from the parental stock at Ankeny is not at ran­
dom. Approximately 225 females and 225 males are used each generation to 
continue the culture. Therefore, only 450 larvae out of a possible total of 
45,000 (assuming each female lays 200 eggs) are selected in each generation. 
The 450 larvae are selected from 1 day's egg production near the peak of 
egg-laying and from these the largest masses are always used. Under almost 
ideal conditions of food, temperature, and humidity, in the laboratory lar­
val survival usually ranges from 95 to 99%. With this method of selection 
generation after generation, the evolution of a laboratory strain of corn 
borer different from a wild population is a distinct possibility. 
Several approaches might be used to keep the continuously reared borer 
colonies closer to the wild type. If the colony is to be maintained in iso­
lation, selection pressure in the form of fluctuating temperatures with some 
extremes might be injected into the developmental periods. Competition 
among the borer larvae for feeding sites might be induced by rearing 3 or 
more borers per vial. Selection pressure using disease might be applied on 
alternate generations using the microsporidian Perezia pyraustae Paillot. A 
larger sample of eggs should be used to perpetuate the colony. Frequent 
gene reinforcement from the natural population might be desirable if the 
colony is to be used for tests in which inferences about the wild population 
are to be made. However, if larvae reared on a meridic diet are used in 
resistance investigations, a new colony should be started each season from 
the wild population to be assured of comparability. 
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Moth Emergence Dates 
When compared over years, the differences in moth emergence dates as a 
source of variation in larval establishment and damage were not significant. 
Within a particular year, the differences were significant however no means 
of predicting the responses were developed in this study. In 1965, the 
fourth moth emergence date averaged for both borer types gave the greatest 
rate of survival and leaf-feeding ratings but in 1966 and 1967 this date was 
consistently lowest for larval survival, leaf-feeding ratings, and for 
lesion counts. In the field several factors may be operating which could 
affect the borers that hatch from eggs taken to the field during this period. 
The plants which were infested with egg masses from moths emerging during 
the fourth week of moth emergence were planted later so as to be in the mid-
whorl stage of growth at the time of infestation. Com planted at this time 
usually grows at a faster rate and perhaps more vigorously than earlier 
planted corn. The environment during this period of infestation, due to 
high temperature, low humidity, and high solar radiation, can be detrimental 
to borer establishment. These factors play an important role in the surviv­
al of a newly hatched corn borer. Hot dry winds may also reduce the borer's 
chances for survival in the later periods of first brood infestations. 
If, as postulated, borers reared on a meridic diet are essentially the 
same at the beginning and end of a 4-week period, then differences in the 
later moth emergence dates may be due to the influence of the environment. 
In 1965 the borers survived better from the last emergence date than from 
the first date. In 1967 survival of borers 7 days after egg hatch held 
constant over the four moth emergence dates. Borers from the fourth or 
final moth emergence date developed at a slower rate than the borers from 
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dates I, II, or III in all 3 years regardless of borer source. This would 
indicate that the influence of environment did affect the borer physiology 
but apparently at an equal rate for the borer types. In the laboratory 
tests, the rate of pupation at 21 days, though different by borer type, in 
general, did not decline with the onset of the fourth moth emergence date 
(with two exceptions, wild borers in 1965 and borers in 1966). 
Thus in these tests the effect of environment on the borers appears to 
be less of a factor, especially in; borer survival, than borer source. The 
borers from late emerging wild moths and borers from the continuously reared 
colonies did show a decline in survival and subsequent injury to the plants 
during the last emergence period. The wild boiers, in general, gave satis­
factory infestations as measured by leaf-feeding ratings and lesion counts. 
The colonized borer was, in general, better than wild borers from the 
standpoint of producing uniform infestations through the season. 
Oviposition Periods 
In 1965 and 1966 larval survival, leaf-feeding ratings, and lesion 
counts for the F^ and F^^ borers increased during the middle of the oviposi­
tion period and declined at the end. In 1967 larval survival, leaf-feeding 
rating, and lesion counts increased with successive oviposition periods for 
the F^ and F^^ colonized borers. The magnitude of change was rarely if at 
all meaningful but definite trends were recorded. The values obtained for 
oviposition periods of wild borer varied from year to year and by the differ­
ent criteria within each year, and no consistent trends were shown. 
A possible explanation for this difference in behavior of the colonized 
and wild borers may be in mating as a function of the manner in which the 
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moths were collected. As was pointed out in the methods section of this 
thesis, approximately 50% of the wild female moths are mated each morning 
by the time of collection. Therefore, only 50 males are collected per 100 
females, and the excess males are left in the emergence cages. In the colo­
nized moth emergence cages, equal numbers of male and female moths are col­
lected and excess males are removed from the emergence cage each day. Thus 
the wild male moth may be several days old, sexually at his peak, and ag­
gressive when collected. As a wild female becomes receptive, several males 
may be on hand to mate with her. The colonized moths on the other hand, 
being less than 24 hours old, are essentially virgin at the time of collec­
tion and some time is necessary for sexual activity to start and increase. 
This gradual increase in mating activity may in part explain the consistency 
of the trends observed for colonized borers. Colonized borers 2 generations 
removed from the wild gave satisfactory results and by the addition of one 
more mass per plant the information for resistance screening and other 
studies might be identical with that produced by wild borers but without as 
much fluctuation within a season. 
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SUMMARY AND CONCLUSION 
Wild borers and borers reared on a meridic diet for 2 generations 
(Fg), 34 generations (F^^), and 45 generations (F^^) were compared in 1965, 
1966, and 1967 for their efficacy in establishment and degree of damage when 
egg masses were manually placed on susceptible corn plants in the field at 
Ankeny, Iowa. The 4 to 5 weeks of wild first generation moth emergence was 
divided for comparison into four sections, early to late in the season. The 
oviposition period of each borer type was broken into 2- or 3-day segments 
for further comparison. 
As the borer types were compared in the field, samples of the same type 
of larvae were reared individually on an artificial diet in the laboratory 
for comparison of developmental rates and mortality. 
Larval survival 7-8 days and 21-30 days after egg hatch was used to 
compare borer types. Leaf-feeding ratings were used as an index to the dam­
age incurred by and mortality of the first and second larval instars. Le­
sion counts were used as an index to the damage incurred by and mortality of 
the third and fourth instar larvae. It was found that: 
1. Larval survival and plant damage on borer susceptible WF9 caused by 
borers originating from wild and F^ colonized parents were essentially equal 
as measured by larval survival 7 and 21 days after egg hatch and by leaf-
feeding ratings and lesion counts per plant in the field. 
2. Larval survival and damage to WF9 caused by continuously reared 
~ F^^ and F^^ borers were significantly lower than for either wild or F^ bor­
ers. 
3. Moth emergence dates of the parental moths within a particular year 
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were significantly different but when averaged over years no significant 
difference was shown. 
4. Larval survival and damage to borer susceptible WF9 caused by bor­
ers originating at different times within the oviposition period of a group 
of moths were more consistent for the colonized borer types than for wild 
borers but significantly lower values were obtained from the continuously 
reared borers. 
5. Significant differences within the oviposition periods were shown 
for each colonized borer type but the magnitude of the difference in mean 
values was not of practical value. Larval survival and plant damage in­
creased with successive oviposition periods for the colonized borer types. 
6. Neither larval survival nor plant damage by oviposition periods for 
wild borers were significantly different and the values were erratic within 
a particular year by each of the parameters. 
7. Significant positive correlations in both leaf-feeding ratings and 
in lesions per plant of the wild vs and colonies were shown. Sig­
nificant positive correlation of leaf-feeding ratings of wild vs F^ colonies 
was shown in 1965 but not in 1967. The correlation coefficient of wild vs 
F^ colony lesions per plant was significant and positive in 1967 but not in 
1965. 
8. Development of larvae from the fourth moth emergence date in the 
field tended to progress at a slower rate than did those of the first three 
emergence dates. No difference in developmental rate was shown among the 
borer types. 
9. Wild and F^ borer larvae developed faster on a meridic diet as ' 
measured by pupation 21 days after egg hatch than did the F^^ and F^^ 
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colonies. This reflects the adaptation of the continuously reared borers 
to laboratory conditions with some reduction in rate of growth. A greater 
percentage mortality occurred in the continuously reared colonies than 
either the wild or colonies. 
In conclusion, this study has shown that laboratory-reared European 
corn borers two generations removed from the wild will produce a satisfac­
tory level of larval establishment and plant damage on a susceptible inbred 
line of dent corn compared with the wild borer. Borers reared continuously 
for 34 or 45 generation on a meridic diet had a low level of larval survival 
and therefore did not produce a satisfactory level of damage to susceptible 
inbred WF9. The use of continuously reared European corn borer in studies 
in which inferences about the wild population are to be made should be 
approached with caution. 
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APPENDIX 
Table 33. Average number of wild borer larvae per plant 8 and 30 days after egg hatch on WF9 by moth 
emergence date and oviposition period. Ankeny, Iowa, 1965& 
Average number of larvae at 8-day Average number of larvae at 30-day 
Moth Three-day dissection dissection 
emergence 
date 
oviposition 
period 
Replication 
Average 
Replication 
Average 1 2 3 4 1 2 3 4 
I 1 5.00 3.67 2.83 5.75 4.31 2.08 1.44 2.17 1.75 1.86 
2 2.75 6.00 3.50 2.92 3.79 2.17 4.08 1.67 1.50 2.36 
3 5.18 3.09 3.08 2.00 3.34 2.92 1.09 1.83 2.20 2.01 
4 2.00 2.82 1.45 b 2.09 2.42 2.25 1,33 b 2.00 
Average 3.73 3.90 2.72 3.56 3.47 2.40 2.30 1.75 1.79 2.06 
II 1 2.08 5.92 5.64 3.33 4.24 1.25 2.17 3.08 1.50 2.00 
2 9.08 15.00 10.00 12.70 11.70 2.00 2.92 2.89 4.67 3.12 
3 4.50 6.75 5.00 8.91 6.29 1.92 1.67 3.17 3.33 2.52 
4 5.67 4.25 2.42 1.67 3.48 1.67 1.67 1.42 1.08 1.46 
Average 5.33 7.98 5.76 6.65 6.43 1.70 2.10 2.62 2.65 2.28 
III 1 9.42 11.17 10.00 13.00 10.90 3.00 2.83 2.50 2.92 2.81 
2 6.83 9.50 9.50 8.92 8.69 3.00 2.50 3.42 1.64 2.64 
3 2.43 4.33 5.83 6.50 4.77 2.75 2.25 3.00 1.50 2.38 
4 0.50 1.25 0.92 1.12 0.95 0.33 0.33 0.67 0.25 0.40 
Average 4.80 6.56 6.56 7.38 6.33 2.27 1.98 2.40 1.58 2.06 
IV 1 6.58 6.92 8.33 8.75 7.64 2.83 2.08 2.17 2.17 2.31 
2 7.00 6.00 3.83 3.67 5.12 4.42 1.17 2.75 3.25 2.90 
3 8.90 6.08 5.64 5.75 6.59 4.00 3.42 1.50 3.09 3,00 
Average 7.49 6.33 5.93 6.06 6.45 3.75 2.22 2.14 2.83 2.74 
^eans are based on 8 to 12 plants per replication. 
^Not infested; lack of eggs. 
Table 34. Average of leaf-feeding ratings and number of lesions per plant produced by wild borers on 
WF9 by moth emergence date and oviposition period. Ankeny, Iowa, 1965^ 
Moth 
emergence 
date 
Three-day 
oviposition 
period 
Average leaf-feeding ratings at 30-day 
dissection 
Replication 
Average number of lesions at 30-day 
dissection 
Replication 
1 2 3 4 Average 1 2 3 4 Average 
6.83 5.22 7.25 5.08 6.09 4.25 4.67 7.33 3.08 4.83 
3.42 7.67 4.08 3.25 4.60 4.50 9.50 6.50 5.17 6.42 
7.42 5.55 4.67 6.00 5.91 12.17 3.91 6.33 6.30 7.18 
6.58 5.42 4.25 b 5.42 8.83 5.83 3.83 b 6.16 
6,06 6.02 5.06 4.71 5.46 7.44 5.98 6.00 4.85 6.15 
1 
2 
3 
4 
Average 
1 6.58 6.83 7.67 6.33 6.85 4.33 6.75 12.00 7.17 7.56 
2 10.10 8.42 11.00 5.92 8.86 4.00 11.50 14.67 14.42 11.15 
3 8.83 6.58 8.08 5.00 7.12 7.08 4.42 7.17 7.25 6.48 
4 6.25 8.67 8.33 4.83 7.02 5.50 5.17 4.67 4.25 4.90 
Average 7.85 7.62 8.62 5.52 7.40 5.23 6.96 9.29 8.27 7.44 
III 1 8.50 7.67 8.50 8.67 8.33 8.92 11.17 10.33 9.75 10.04 
2 8.75 9.00 9.00 8.64 8.84 9.25 7.42 12.83 4.91 8.60 
3 3.00 5.18 5.25 7.25 5.17 1.18 2.00 4.33 2.25 2.44 
4 3.75 2.67 3.75 1.75 2.98 0.83 1.00 1.67 0.58 1.02 
Average 6.06 6.15 6.62 6.53 6.34 5.04 5.40 7.29 4.37 5.55 
IV 1 8.25 8.08 7.75 8.92 8.25 4.92 3.25 4.58 3.42 4.04 
2 8.50 6.08 8.50 8.00 7.77 7.42 4.08 5.17 5.00 5.42 
3 8.58 8.50 7.92 8.45 8.36 8.00 6.08 4.33 6.00 6.10 
Average 8.44 7.56 8.06 8.46 8.13 6.78 4.47 4.69 4.77 5.18 
^eans are based on 8 to 12 plants per replication. 
^Not infested; lack of eggs. 
Table 35. Average number of Fg larvae per plant 8 and 30 days after egg hatch on WF9 by moth emer­
gence date and oviposition period. Ankeny, Iowa, 1965& 
Average number of larvae at 8-day Average number of larvae at 30-day 
Moth Three-day dissection dissection 
emergence 
date 
oviposition 
period 
Replication 
Average 
Replication 
Average 1 2 3 4 1 2 3 4 
I 1 1.91 2.58 2.08 2.42 2.25 1.73 3.73 2.27 1.45 2.30 
2 2.67 5.33 3.44 1.17 3.15 3.10 2.67 3.08 2.17 2.76 
3 4.91 2.00 4.92 2.17 3.50 1.92 2.00 1.67 1.92 1.88 
4 1.17 1.91 3.25 0.58 1.73 1.58 2.75 1.92 0.58 1.71 
Average 2.66 2.96 3.42 1.58 2.66 2.08 2.79 2.24 1.53 2.16 
II 1 5.50 2.75 5.20 5.50 4.74 1.75 1.75 1.75 1.58 1.71 
2 5.50 5.42 8.75 7.00 6.67 1.92 1.50 1.54 2.17 1.78 
3 1.67 2.17 1.83 2.44 2.03 0.83 1.82 1.17 0.92 1.18 
Average 4.22 3.45 5.26 4.98 4.48 1.50 1.69 1.49 1.56 1.56 
III 1 1.83 2.42 3.58 4.33 3.04 1.75 1.08 0.50 1.25 1.14 
2 2.67 3.40 2.33 0.92 2.33 1.50 2.50 2.36 1.45 1.95 
3 4.20 4.33 6.27 3.27 4.52 1.45 2.42 2.50 1.36 1.93 
Average 2.90 3.38 4.06 2.84 3.30 1.57 2.00 1.79 1.35 1.67 
IV 1 14.92 13.50 18.33 18.58 16.33 3.00 2.91 4.33 3.58 3.46 
2 9.10 7.92 6.17 10.92 8.53 5.54 4.75 2.25 3.92 4.12 
3 8.83 3.83 3.67 5.33 5.42 4.67 2.33 2.50 1.58 2.77 
Average 10.95 8.42 9.39 11.61 10.09 4.40 3.33 3.03 3.03 3.45 
^eans are based on 8 to 12 plants per replication. 
Table 36. Average of leaf-feeding ratings and number of lesions per plant produced by borers on 
WF9 by moth emergence date and oviposition period. Ankeny, Iowa, 1965^ 
Average leaf-feeding rating at 30-day Average number of lesions at 30-day 
Moth Three-day dissection dissection 
emergence oviposition Replication Replication 
date period 1 2 3 4 Average 1 2 3 4 Average 
I 1 3.09 6.91 5.54 4.09 4.88 2.64 6.64 3.82 3.64 4.18 
2 7.50 6.83 5.00 4.17 5.88 4.30 3.25 4.58 3.92 4.01 
3 6.08 6.08 6.00 5.08 5.81 6.42 4.50 6.33 5.33 5.64 
4 4.17 6.67 5.00 3.33 4.79 3.25 8.08 3.92 1.08 4.08 
Average 5.16 6.62 5.47 4.17 5.35 4.18 5.60 4.68 3.49 4.48 
II 1 6.58 5.83 5.83 7.92 6.54 3.17 5.17 5.42 5.58 4.84 
2 7.08 7.75 6.00 6.92 6.94 5.50 6.17 4.64 3.67 5.00 
3 6.42 7.18 6.42 4.42 6.11 2.50 4.91 5.17 4.25 4.21 
Average 6.69 6.91 6.09 6.42 6.53 3.72 5.43 5.09 4.50 4.68 
III 1 7.33 6.58 3.58 5.75 5.81 2.50 2.50 1.75 2,75 2.38 
2 8.50 7.90 7.18 7.73 7.83 4.58 4.70 2.73 2.36 3.59 
3 5.82 8.17 7.50 8.18 7.42 2.54 4.92 4.33 3.00 3.70 
Average 7.26 7.53 6.06 7.18 7.01 3.20 4.00 2.94 2.71 3.22 
IV 1 7.88 8.45 8.42 8.92 8.42 5.75 4.45 5.25 4.83 5.07 
2 7.73 8.83 7.92 8.67 8.29 5.73 5.17 5:25 6.08 5.56 
3 5.83 5.92 6.20 6.08 6.01 4.75 2.25 3.00 2.17 3.04 
Average 7.03 7.71 7.59 7.89 7.56 5.35 3.94 4.59 4.36 4.56 
^Means are based on 8 to 12 plants per replication. 
Table 37. Average number of wild borer larvae per plant 7 and 21 days after egg hatch on WF9 by moth 
emergence date and oviposition period. Ankeny, Iowa, 1966® 
Average number of larvae at 7-day Average number of larvae at 21-day 
Moth Two-day dissection dissection 
emergence 
date 
oviposition 
period 
Replication 
Average 
Replication 
Average 1 2 3 4 1 2 3 4 
I 1 19.40 23.30 24.10 25.70 23.12 5.75 5.67 4.17 7.83 5.86 
2 4.25 6.70 6.25 9.70 6.72 3.92 4.00 6.33 9.08 5.83 
3 5.64 9.80 6.91 11.42 8.44 5.45 5.33 8.25 6.67 6.42 
4 4.73 7.58 7.75 10.75 7.70 4.20 4.50 8.00 5.83 5.63 
Average 8.50 11.84 11.25 14.39 11.50 4.83 4.88 6.69 7.35 5.94 
II 1 10.09 4.42 9.33 7.50 7.84 2.33 2.58 4.18 3.67 3.19 
2 9.75 5.33 5.00 6.25 6.58 3.42 4.42 3.50 3.83 3.79 
3 10.50 7.58 8.67 7.92 8.67 3.33 5.00 6.17 4.25 4.69 
4 6.92 5.82 7.60 8.83 7.29 3.25 5.25 4.75 6.42 4.92 
Average 9.32 5.79 7.65 7.62 7.60 3.08 4.31 4.65 4.54 4.15 
III 1 10.83 10.58 7.25 7.25 8.98 4.67 5.75 3.58 4.17 4.54 
2 12.58 14.42 10.83 11.08 12.23 5.50 5.83 4.83 4.25 5.10 
3 7.31 9.67 11.42 11.42 9.96 6.83 5.00 4.25 4.92 5.25 
4 12.83 8.67 11.42 11.25 11.04 6.17 3.58 5.50 4.67 4.98 
Average 10.89 10.84 10.23 10.25 10.55 5.79 5.04 4.54 4.50 4.97 
IV 1 7.44 3.50 3.08 5.00 4.76 4.17 1.50 3.08 2.08 2.71 
2 7.75 8.92 4.92 6.75 7.08 4.08 6.67 3.33 3.58 4.42 
3 4.33 6.25 6.92 6.25 5.94 3.08 2.36 5.08 2.67 3.30 
4 5.33 5.83 7.00 4.67 5.71 3.36 5.42 2.92 3.83 3.88 
Average 6.21 6.12 5.48 5.67 5.87 3.67 3.99 3.60 3.04 3.58 
^eans are based on 8 to 12 plants per replication. 
Table 38. Average of leaf-feeding ratings and number of lesions per plant produced by wild borers on 
WF9 by moth emergence date and oviposition period. Ankeny, Iowa, 1966^ 
Average leaf-feeding ratings at 21-day Average number of lesions at 21-day 
Moth Two-day dissection dissection 
emergence oviposition Replication Replication 
date period 1 2 3 4 Average 1 2 3 4 Average 
I 1 8.00 8.17 7.33 8.33 7.95 9.50 11.92 5.83 8.75 9.00 
2 6.50 7.67 7.00 8.08 7.31 5.42 4.58 5.25 6.85 5.52 
3 7.18 7.00 7.75 7.25 7.29 5.09 7.75 5.92 5.25 6.00 
4 7.30 6.17 8.50 8.00 7.49 5.60 4.75 9.08 6.33 6.44 
Average 7.24 7.25 7.64 7.91 7.51 6.47 7.25 6.52 6.80 6.75 
II 1 7.33 5.92 7.82 7.42 7.12 5.42 3.67 6.64 5.42 5.29 
2 8.67 7.00 6.42 8.00 7.52 6.50 7.58 5.33 4.00 5.85 
3 5.42 7.17 8.00 8.50 7.27 3.83 6.25 7.50 5.25 5.71 
4 7.75 8.08 6.58 8.25 7.66 5.25 7.50 5.08 6.25 6.02 
Average 7.29 7.04 7.20 8.04 7.39 5.25 6.25 6.14 5.23 5.72 
III 1 8.58 9.00 8.42 8.58 8.64 4.67 8.42 6.25 6.08 6.36 
2 8.83 8.75 8.83 8.08 8.62 6.50 7.42 6.75 5.83 6.62 
3 9.00 9.00 8.17 8.92 8.77 6.75 6.17 5.00 5.83 5.94 
4 8.83 8.67 8.83 8.83 8.79 8.33 6.50 8.33 7.08 7.56 
Average 8.81 8.85 8.56 8.60 8.70 6.56 7.13 6.58 6.20 6.62 
IV 1 7.67 5.58 5.42 6.08 6.18 2.92 2.17 2.50 2.25 2.46 
2 8.50 8.92 8.00 7.67 8.27 3.58 4.00 1.75 3.83 3.29 
3 7.42 6.64 7.67 7.33 7.26 3.92 3.09 1.75 3.83 3.15 
4 7.27 8.17 8.00 7.67 7.77 3.27 4.00 3.58 4.58 3.86 
Average 7.71 7.32 7.27 7.18 7.37 3.42 3.32 2.40 3.62 3.19 
^eans are based on 8 to 12 plants per replication. 
Table 39. Average number of borer larvae per plant 7 and 21 days after egg hatch on WF9 by moth 
emergence date and oviposition period. Ankeny, Iowa, 1966^ 
Average number of larvae at 7-day Average number of larvae at 21-day 
Moth Two-day dissection dissection 
emergence oviposition Replication Replication 
date period 1 2 3 4 Average 1 2 3 4 Average 
I 1 7. 30 5. 10 2. 20 3. 30 4. 48 2, .83 1. 25 1. ,08 2. 00 1. 79 
2 0. 83 1. 10 1. 27 0. 90 1. 02 1, .08 0. 64 1. ,00 1. 17 0. 97 
3 2. 64 1. 58 1. 42 0. 73 1. 59 2, .83 1. 83 1. ,50 0. 92 1. 77 
4 1. 42 1. 45 0. 70 5. 00 2. 14 2, .25 0. 92 3. ,27 2. 91 2. 34 
Average 3. 05 2. 31 1. 40 2. 48 2. 31 2, .25 1. 16 1. ,71 1. 75 1. 72 
II 1 1. 60 0. 58 2. 67 0. 58 1. 35 1, .00 1. 83 0. ,92 1. 08 1. 21 
2 3. 25 2. 17 2. 67 3. 58 2. 91 3, .25 1. 33 1. ,83 2. 17 2. 14 
3 2. 58 3. 33 1. 45 3. 17 2. 63 1. ,92 1. 75 2. ,17 1. 75 1. 90 
4 0. 75 2. 50 1. 50 2. 17 1. 73 1, .17 1. 83 1. ,58 1. 67 1. 56 
Average 2. 04 2. 14 2. 07 2. 37 2. 16 1. 84 1. 68 1. ,62 1. 67 1. 70 
III 1 1. 17 1. 17 1. 50 1. 67 1. 37 0, .33 2. 08 1. ,08 1. 17 1. 16 
2 4. 33 3. 92 3. 25 2. 25 3. 43 3. 83 2, 50 2. ,75 2. 17 2. 81 
3 4. 42 ' 6. 58 6. 00 3. 08 5. 02 2. 00 2. 67 1. ,58 1. 83 2. 02 
4 2. 42 1. 92 1. 33 2. 75 2. 10 1, 08 1. 67 0. ,75 1. 33 1. 21 
Average 3. 08 3. 39 3. 02 2. 43 2. 98 1. 81 2. 23 1. ,54 1. 62 1. 80 
IV 1 0 0. 25 0. 08 0. 08 0. 10 0. ,17 0. 08 0. ,33 0. 08 0. 16 
2 0. 58 0. 73 0. 80 2. 70 1. 20 0. 50 0. 67 0. 33 0. 75 0. 56 
3 1. 25 1. 09 0. 58 0. 45 0. 84 0. ,08 0. 42 0. 83 0. 09 0. 36 
4 1. 00 0. 83 0. 33 1. 67 0. 95 1. ,27 0. 50 0. 17 0. 33 0. 57 
Average 0. 70 0. 72 0. 44 1. 22 0. 77 0. ,50 0. 42 0. 42 0. 31 0. 41 
^Means are based on 8 to 12 plants per replication. 
Table 40. Average leaf-feeding ratings and number of lesions per plant produced by borers on WF9 
by moth emergence date and oviposition period. Ankeny, Iowa, 1966® 
Average leaf-feeding ratings at 21-day Average number of lesions at 21-day 
Moth Two-day dissection dissection 
emergence oviposition Replication Replication 
date period 1 2 3 4 Average 1 2 3 4 Average 
I 1 4.33 3.25 3.75 3.75 3.77 4.67 2.42 1.83 2.58 2.88 
2 2.67 1.45 2.33 3.08 2.38 0.92 0.82 1.42 1.75 1.23 
3 4.08 3.42 3.08 1.83 3.10 3.92 2.00 2.33 1.08 2.33 
4 3.17 2.00 4.00 6.27 3.86 3.83 1.00 3.00 3.73 2.89 
Average 3.56 2.53 3.29 3.73 3.28 3.33 1.57 2.13 2.26 2.32 
II 1 3.17 5.08 3.42 2.25 3.48 2.67 4.00 2.83 2.50 3.00 
2 5.58 3.50 4.08 4.83 4.49 6.17 3.17 4.50 4.08 4.48 
3 4.00 4.50 4.50 5.17 4.54 3.08 1.83 4.17 3.92 3.25 
4 4.00 6.25 2.83 5.25 4.58 1.83 3.42 2.50 3.33 2.77 
Average 4.18 4.83 3.70 4.37 4.27 3.44 3.10 3.50 3.46 3.38 
1 2.67 4.75 2.92 4.25 3.64 1.25 2.92 2.50 1.83 2.12 
2 8.42 5.75 5.58 4.33 6.02 5.08 3.42 4.50 2.75 3.94 
3 6.50 5.75 5.50 5.50 5.81 3.25 5.00 3.58 3.83 3.92 
4 4.50 4.83 4.17 3.92 4.35 2.67 3.00 2.42 2.00 2.52 
Average 5.52 5.27 4.54 4.50 4.96 3.06 3.58 3.25 2.60 3.12 
1 1.42 2.25 1.67 3.08 2.10 0 0 0 0.08 0.02 
2 1.08 2.42 2.33 3.17 2.25 1.50 1.58 1.00 0.92 1.25 
3 1.00 2.33 3.25 2.27 2.21 0.75 1.42 1.67 2.45 1.57 
4 1.27 2.12 3.08 3.92 2.59 1.64 1.33 1.00 2.75 1.68 
Average 1.19 2.28 2.58 3.11 2.29 0.96 1,08 0.92 1.54 1.12 
^eans are based on 8 to 12 plants per replication. 
Table 41. Average number of wild borer larvae per plant 7 and 21 days after egg hatch on WF9 by moth 
emergence date and oviposition period. Ankeny, Iowa, 1967^ 
Moth 
emergence 
date 
Two-day 
oviposition 
period 
Average number of larvae at 7-day 
dissection 
Average number of larvae at 21-day 
dissection 
Replication 
Average 
Replication 
Average 
1 12.42 8.58 6.89 8.00 8.97 15.00 13.17 9.08 6.25 10.87 
2 15.08 10.92 11.50 11.50 12.25 11.42 7.25 9.83 10.50 9.75 
3 19.50 12.00 12.17 10.50 13.54 12.08 10.75 13.25 7.25 10.83 
4 15.58 11.17 10.25 10.25 11.81 15.08 6.75 11.30 6.58 9.92 
Average 15.64 10.67 10.20 10.06 11.64 13.39 9.48 10.86 7.64 10.34 
II 1 14.92 17.83 18.08 10.80 15.41 8.92 12.08 9.58 9.08 9.91 
2 18.08 16.50 12.75 16.92 16.06 13.33 8.83 7.50 9.00 9.66 
3 12.83 5.50 10.50 11.25 10.02 10.17 6.44 7.58 11.09 8.82 
4 22.10 18.33 12.42 13.92 16.69 14.67 12.42 11.08 5.08 10.81 
Average 16.98 14.54 13.44 13.22 14.54 11.77 9.94 8.93 8.56 9.80 
III 1 9.92 13.17 9.08 10.17 10.58 7.75 8.50 4.25 3.27 5.94 
2 12.25 9.75 11.00 9.92 10.73 9.75 3.50 5.42 4.25 5.73 
3 14.00 18.00 10.67 16.00 14.67 10.08 3.17 8.72 6.08 7.01 
4 16.75 11.33 4.67 8.83 10.40 10.50 6.55 7.25 4.17 7.11 
Average 13.23 13.06 8.86 11.23 11.60 9.52 5.43 6.41 4.44 6.45 
1 11.75 11.09 10.36 7.42 10.16 6.33 11.00 4.75 6.25 7.08 
2 7.42 10.45 7.25 8.67 10.42 3.33 4.17 4.00 7.75 4.81 
3 10.42 9.58 15.17 10.08 11.31 4.92 5.08 7.25 6.33 5.89 
4 6.08 10.83 8.58 16.58 10.52 5.67 4.67 3.75 7.08 5.29 
Average 8.92 10.49 10.34 10.69 10.11 5.06 6.23 4.93 6.85 5.77 
*^eans are based on 8 to 12 plants per replication. 
Table 42. Average leaf-feeding ratings and number of lesions per plant produced by wild borers on 
WF9 by moth emergence date and oviposition period. Ankeny, Iowa, 1967^ 
Average leaf-feeding ratings at 21-day Average number of lesions at 21-day 
Moth Two-day dissection dissection 
emergence 
date 
oviposition 
period 
Replication 
Average 
Replication 
Average 1 2 3 4 1 2 3 4 
I 1 7.83 8.75 7,33 6.67 7.64 8.33 9.75 6.08 4.75 7.23 
2 9.00 8.83 8.50 8.60 8.73 11.17 8.50 12.00 9.30 10.24 
3 8.92 8.75 8.83 8.08 8.64 13.00 10.25 10.83 6.42 10.12 
4 8.83 8.58 8.20 8.00 8.40 14.92 6.67 11.20 8.08 10.22 
Average 8.64 8.72 8.21 7.83 8.35 11.85 8.79 10.03 7.14 9.45 
II 1 8.92 8.83 9.00 8.00 8.69 11.92 13.33 10.50 11.25 11.75 
2 9.00 8.83 8.17 9.00 8.75 13.75 13.50 6.67 10.33 11.06 
3 8.92 7.33 8.42 8.73 8.35 12.67 9.33 7.83 9.64 9.87 
4 8.78 9.00 8.33 7.71 8.46 15.11 13.00 12.83 6.08 11.76 
Average 8.90 8.50 8.48 8.36 8.56 13.36 12.29 9.46 9.32 11.11 
III 1 8.58 8.75 8.42 5.82 8.45 8.75 9.33 6.08 4.82 7.24 
2 9.00 7.58 8.25 8.50 7.89 15.00 7.92 7.17 6.50 9.15 
3 8.92 7.67 9.00 8.83 8.33 14.50 4.67 11.64 10.25 10.26 
4 8.50 9.00 8.33 8.08 8.60 13.42 11.36 12.92 6.08 10.94 
Average 8.75 8.25 8.50 7.80 8.32 12.92 8.32 9.45 6.91 9.40 
IV 1 8.08 8.83 7.58 8.25 8.18 6.25 13.17 6.33 8.42 8.54 
2 6.83 7.42 7.67 8.50 7.60 4.33 4.92 5.42 7.67 5.58 
3 6.75 6.92 8.08 7.42 7.29 4.08 6.00 9.58 5.83 6.37 
4 8.42 6.92 8.08 8.42 7.96 7.42 4.42 4.67 8.42 6.23 
Average 7.52 7.52 7.85 8.14 7.76 5.52 7.13 6.50 7.58 6.68 
^Means are based on 8 to 12 plants per replication. 
Table 43. Average number of borer larvae per plant 7 and 21 days after egg hatch on WF9 by moth 
emergence date and ovipositlon period. Ankeny, Iowa, 1967® 
Average number of larvae at 7-day Average number of larvae at 21-day 
Moth Two-day dissection dissection 
emergence 
date 
oviposition 
period 
Replication 
Average 
Replication 
Average 1 2 3 4 1 2 3 4 
I 1 11.08 8.27 6.25 7.25 8.21 10.67 8.00 7.17 6.92 8.19 
2 11.00 8.92 7.67 8.83 9.10 8.50 6.92 9.11 10.00 8.63 
3 17.67 8.67 11.17 7.75 11.31 12.92 7.17 12.75 6.83 9.91 
4 11.42 11.75 8.17 9.75 10.27 11.92 8.92 11.36 7.75 9.98 
Average 12.79 9.40 8.31 8.39 9.72 11.00 7.75 10.09 7.87 9.18 
II 1 8.92 15.58 7.58 9.00 10.27 9.09 7.58 6.25 6.36 7.32 
2 12.42 12.67 11.42 8.38 11.22 11.50 6.75 8.50 3.78 7.63 
3 8.91 5.75 7.58 5.92 7.04 9.50 4.08 8.00 7.22 7.20 
4 13.08 8.83 10.00 10.50 10.60 8.58 7.42 8.58 5.33 7.47 
Average 10.83 10.70 9.14 8.45 9.78 9.66 6.45 7.83 5.67 7.40 
III 1 9.00 6.50 6.25 3.42 6.29 3.67 3.92 2.42 1.42 2.85 
2 8.17 7.00 5.50 6.17 6.71 9.25 6.08 4.58 6.33 6.56 
3 10.33 9.58 7.50 9.42 9.20 5.08 5.08 5.75 5.36 5.31 
4 12.67 12.17 8.25 11.92 11.25 9.58 6.08 2.17 3.75 5.39 
Average 10.04 8.81 6.87 ' 7.73 8.36 6.89 5.29 3.73 4.21 5.03 
IV 1 6.50 4.67 5.73 9.00 6.47 4.50 4.08 3.75 3.17 3.87 
2 12.08 8.40 8.00 4.08 8.14 8.50 5.45 3.10 5.42 5.61 
3 11.33 11.25 11.33 7.58 10.37 5.58 5.67 5.83 5.17 5.56 
4 17.25 11.83 10.67 14.58 13.58 6.58 6.92 6.42 11.00 7.73 
Average 11.79 9.03 8.93 8.81 9.64 6.29 5.53 4.77 6.19 5.69 
^eans are based on 8 to 12 plants per replication. 
Table 44. Average leaf-feeding ratings and number of lesions per plant produced by borers on WF9 
by moth emergence date and oviposition period. Ankeny, Iowa, 1967^ 
Moth 
emergence 
date 
Two-day 
oviposition 
period 
Average leaf-feeding ratings at 21-day 
dissection 
Average number of lesions at 21-day 
dissection 
Replication 
Average 
Replication 
Average 
1 
2 
3 
4 
Average 
7.75 
7.67 
9.00 
8.75 
7.67 
8.08 
8.33 
8.58 
8.29 8.16 
7.25 
8.11 
8.92 
8.91 
8.30 
7.58 
9.00 
8.33 
8.33 
8.31 
7.56 
8 . 2 2  
8.64 
8.64 
8 .26  
9.08 
6.08 
10.25 
12.50 
7.50 
6.58 
5-92 
8.00 
6.92 
9.44 
10.00 
10.82 
5.50 
9.33 
8.08 
6.92 
9.48 7.00 9.30 7.46 
7.25 
7.86 
8.56 
9.56 
8.31 
II 1 
2 
3 
4 
Average 
8.91 
8.25 
8.58 
8.25 
8.33 
8.17 
8.17 
8.42 
8.49 8.27 
8.83 
8.67 
8.33 
8.92 
8 . 6 8  
8 .82  
6.55 
8.44 
7.50 
7.82 
8.72 
7.91 
8.38 
8.27 
8.32 
8.45 
10.12 
9.50 
10.25 
10.42 
8.33 
5.75 
7.25 
8.83 
7.58 
9.17 
9.75 
8.73 
6.11 
7.56 
7.50 
9.58 7.94 8.83 7.48 
9.11 
8.04 
8.00 
8.69 
8.46 
III 1 
2 
3 
4 
Average 
7.17 
8.50 
8.00 
8.58 
8.33 
8.58 
8.25 
7.92 
8.06 8.27 
5.42 
8.08 
8.83 
7.08 
7.35 
5.08 
8.92 
8.27 
8.08 
7.58 
6.50 
8.52 
8.33 
7.91 
7.82 
5.17 
11.33 
6.33 
15.42 
6.25 
7.83 
4.92 
9.92 
3.75 
6.33 
8.42 
3.75 
4.17 
7.92 
7.82 
5.58 
9.56 7.23 5.56 6.37 
4.84 
8.35 
6.87 
8.67 
7.18 
IV 1 
2 
3 
4 
7.83 
8.58 
7.83 
8.83 
6.08  
7.91 
8.08  
8.00 
5.75 
4.75 
8.08  
8.75 
7.42 
8.08 
7.75 
10.08 
6.77 
7.33 
7.93 
8.91 
6.17 
9.00 
6.08 
10.08 
4.00 
5.64 
6.33 
6.67 
5.25 
3.00 
6.75 
7.92 
3.75 
4.75 
4.75 
8.92 
4.79 
5.60 
5.98 
8.40 
Average 8.26 7.51 6.83 8.33 7.74 7.83 5.66 5.73 5.54 6.19 
^eans are based on 8 to 12 plants per replication. 
Table 45. Average number of borer larvae per plant 7 and 21 days after egg hatch on WF9 by moth 
emergence date and oviposition period. Ankeny, Iowa, 1967^ 
Average number of larvae at 7-day Average number of larvae at 21-day 
Moth Tv7o-day dissection dissection 
emergence oviposition Replication Replication 
date period 1 2 3 4 Average 1 2 3 4 Average 
I 1 7.17 5.08 2.83 3.25 4.58 9.00 3.67 4.00 2.17 4.71 
2 7.58 8.08 4.83 6.17 6.65 8.67 5.25 6.33 6.20 6.61 
3 9.75 7.83 8.17 1.50 6.81 9.00 8.17 9.33 4.25 7.69 
4 11.17 6.75 8.08 6.18 8.04 9.92 5.58 11.10 3.83 7.61 
Average 8.91 6.93 5.97 4.27 6.52 9.15 5.67 7.69 4.11 6.66 
II 1 5.67 2.11 4.00 4.25 4.00 3.33 2.75 3.50 3.17 3.19 
2 5.92 7.08 3.67 8.25 6.23 5.08 5.50 2.83 4.67 4.52 
3 3.08 2.58 3.67 5.25 3.64 4.33 1.89 3.50 3.45 3.29 
4 1.08 5.83 4.75 5.83 4.37 1.22 3.00 3.08 4.92 3.06 
Average 3.93 4.40 4.02 5.89 4.56 3.49 3.28 3.23 4.05 3.52 
III 1 3.50 3.08 1.25 1.33 2.29 2.67 1.25 0.58 2.00 1.62 
2 4.50 4.92 1.25 4.18 3.71 3.33 2.83 1.33 2.08 2.39 
3 6.50 6.42 5.25 9.00 6.79 2.92 1.25 1.82 6.75 3.18 
4 9.17 5.67 4.50 7.42 6.69 5.33 5.73 2.50 2.92 4.12 
Average 5.91 5.02 3.06 5.48 4.87 3.56 2.76 1.56 3.44 2.83 
IV 1 2.75 1.45 0.17 0 1.09 2.25 0.75 0.50 1.92 1.36 
2 2.00 2.09 0.58 2.42 1.77 1.92 1.25 1.08 1.17 1.36 
3 5.08 7.92 5.58 4.75 5.83 1.50 1.33 2.00 3.50 2.08 
4 5.58 5.33 8.50 3.75 5.79 2.17 1.83 0.78 2.75 1.88 
Average 3.85 4.19 3.70 2.73 3.62 1.96 1.29 1.09 2.34 1.67 
^Means are based on 8 to 12 plants per replication. 
Table 46. Average leaf-feeding ratings and number of lesions per plant produced by borers on WF9 
by moth emergence date and oviposition period. Ankeny, Iowa, 1967^ 
Average leaf-feeding ratings at 21-day Average number of lesions at 21-day 
Moth Two-day dissection dissection 
emergence oviposition Replication Replication 
date period 1 2 3 4 Average 1 2 3 4 Average 
I 1 7.00 4,17 5.25 5.00 5.35 8.33 3.58 5.00 3.75 5.16 
2 7.50 7.08 7.33 7.08 7.24 8.08 6.92 6.58 5.25 6.71 
3 8.50 7.92 8.18 5.17 7.44 8.25 7.92 11.00 4.33 7.88 
4 8.17 7.00 8.17 6.92 7.56 10.58 6.08 8.67 5.42 7.69 
Average 7.79 6.54 7.23 6.04 6.90 8.81 6.12 7.81 4.69 6.86 
II 1 4.64 7.00 6.75 8.30 6.67 5.64 4.20 5.67 4.58 5.02 
2 7.00 7.17 5.25 6.17 6.39 7.80 8.42 3.58 4.25 6.01 
3 6.36 8.30 6.55 7.88 7.27 8.27 2.40 6.64 6.88 6.05 
4 4.44 5.11 7.42 6.42 5.84 2.22 5.11 5.58 7.00 4.98 
Average 5.61 6.89 6.49 7.19 6.54 5.98 5.03 5.37 5.68 5.52 
III 1 3.42 2.33 1.50 4.00 2.81 4.08 2.17 1.25 1.92 2.36 
2 5.17 5.67 4.50 4.50 4.96 6.17 6.58 3.25 4.75 5.19 
3 5.33 5.67 6.91 8.50 6.60 6.42 4.50 6.18 10.08 6.80 
4 6.75 8.50 7.17 7.08 7.37 7.92 10.58 3.58 6.25 7.08 
Average 5.16 5.54 5.02 6.02 5.44 6.15 5.96 3.56 5.75 5.36 
IV 1 4.00 3.33 __b __b 3.66 2.50 1.22 __b __b 1.86 
2 3.83 3.50 2.17 3.83 3.33 1.83 2.08 0.92 2.75 1.90 
3 3.00 3.92 2.67 3.58 3.29 2.75 1.83 1.67 2.33 2.14 
4 6.00 4.75 3.83 5.42 5.00 3.67 3.17 3.36 5.25 3.86 
Average 4.21 3.88 2.89 4.28 3.82 2.69 2.08 1.98 3.44 2.52 
^Means are based on 8 to 12 plants per replication. 
^Missing data. 
